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I. Introduction

Changing the learning experiences of students has been the
ultimate goal of curviculum innovations in mathematics, science and,
more vrecently, social studiés and linguistics. Such curriculum inno-
vations represent the cainbined talents of teams of academicians, class-
room teachers and learning theorists. But existence of these curricula
does not mean that students' learning experiences actually have been
changed. Spanning the development of a curriculum from “~novation to
institutionalization represents the challenge of our day. This chal-
lenge can be met only by the development of an adequate base of manpower.
People plus programs equal change, whereas programs without people remain
on the supervisor's office shelf!

Change in the students' learning experience can be facilitated
through the way those experiences are structured. The structure of the
learning experience includes both the curriculum and the teacher who
uses that curriculum. The nature of the newer curriculum innovations
are such that their effective use requires an understanding of both the
subject and the method that was built into the design of the program.

To use the innovation effectively, most teachers must modify consider-
ably previous teaching procedures. Teachers can no longer "teach as
they have been taught." They can no longer simply have students ccpy
notes presented largely from the teacher's old college notebooks!

The curriculum innovation implemented in this study, Science -

A Process Apprcach, has been developed by the Commission on Science




Education of the American Association for the Advancement of Science
with support from the National Science Foundation. 1Its use in more than
9,000 classrooms in the State of Texas illustrates the extent to which
both the curriculum and its related inservice teacher education program
have been piloted, field tested and disseminated within the state. This
achievement is the product of a series of activities dating from 1963.

In 1963 the curriculum innovation itself was field tested in
Austin, Texas, as one of ten tryout centers in the nation for the class-
room use of materials developed by AAAS. The teachers 1in Austin came
from four elementary schools representing a cross section of the public
school population in the city. The teachers' response to the new sci-
ence program was enthusiastic. Austin Public School officials requested
that the program be expanded within the school system. Appropriate
permissions were secured from the Commission on Science Education of
AAAS for this expansion.

Durihg the summer preceding the 1964-65 school year, AAAS
directed the revision of the kindergarten-to-third-grade materials of

Science - A Process Approach and prepared new materials for grades four

and five. During that same summer, in Austin, a teacher education pro-
gram was developed by the ten teachers in the Austin tryout center as
part of the Science Inservice Project. Seventy additional teachers in
Austin participated in the first year of the Science Inservice Project.
This Project was sponsored jointly by the Science Education Center of
The University of Texas, the Austin Independent School District, and

the U.S. Office of Education through a cooperative research grant.



During the 1965-66 school year, two more groups of teachers
were added to the Science Inservice Project. One was a private paro-
chial school and the other was a group of teachers whe¢ were participants
in the language research studies project in San Antonio, Texas, another
U.S. Office of Education cooperative research grant.

During the summer of 1965, as AAAS revised the K-fF materials
and added materials for grade six, the teacher education program of the
Science Inservice Project was used in six new pilot centers in Texas.
Evaluation and follow-up was planned through the resources of the Research
and Development Center on Teacher Education at The University of Texas
and local school districts. Analysis of these studies was completed by
the staff of the Science Inservice Project.

During the 1965-66 school year, requests were received from
19 Texas school districts for pilot centers. These requests came through
the Texas Education Agency. Because the staff of the Science Education
Center was obviously inadequate to handle these requests, a mechanism
for delivering assistance to those school districts was sought. The
planning of the Curriculum Demonstration Center began as a solution.
These planning activities involved teachers, supervisory personnel,
schooi administrator's staff and state education department staff as
well as staff of The University of Texas.

Between 1966 and 1959 the Curriculum Demonstration Center has
been a vehicle through which more than 70 school districts have piloted
the curriculum and the means that introduced more than 5,000 teachers

to new experiences in science for their children.
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4

As part of the pilot and field test activity of the project,

evaluation studies have been completed which indicate the trends listed

below:

A.

When student achievement is considered, results indicate
that:

1.

Students in experimental programs do as well on
“traditional” science tests as their counterparts
in traditional classrooms.

Students' attitudes towards their teacher are in-
tensified more in the new program, indicating a
much more powerful student-teacher interaction.

Students' attitude towards science in school im-
proves. It is characterized as being good and
doing something.

Boys and girls perform equally well in science.

Grade level seems to ba an important factor in
achievement. Fourth grade is highest and the sixth
grade is lowest. This would indicate that one must
initiate discovery, that is self-responsible learn-~
ing, early in the school life. By the time a child
has reached the sixth grade, it may be too late to
Tearn how to learn. '

When a variety of components of cognitive activity
are considered, such as intelligence, past experi-
ence and creativity, a trend toward a dramatic shift
in students' performance appears to occur after two
years in the program. This would indicate that
school districts ought to plan pilot activities to
extend more than a single year.

Analysis of students' contrasting ethnic backgrounds
indicate that they seem to fee! the same trends of
improvement. This would indicate that "disadvantaged"
students can and do achieve success with appropriate
instructiconal experience. It also suggests that
“"advantaged" students need a type of instructional
experience that they may not now be receiving.

Achievement level of five and six-year-old children

of obviously contrasting ethnic backgrounds is equally
high on non-verbal tasks. On verbal tasks achievement

11



anpears to be very much related to the ethnic back-
ground of the child.

9, Student achievement is not related to community,
arade level, or program; but the most significant
factor on achievement is the teacher. This result
is abservable in several studies and emphasizes
the need for well-trained teachers as well as ade-
quately designed programs.

B. Teachers most likely to succeed with an innovation in
science appear to be those who have had:

1. Few courses in science.

2. More than three years teaching experience (but
there does not appear to be an upper limit).

3. A principal who supports the teacher's activity.

4. A school administration which supports the use of
the innovation.

5. A positive attitude toward the program (results of
several evaluations indicate that & successful
inservice experience serves to enhance the teacher's
attitude).

6. A working knowledge of the curriculum innovation
{(which is also directly related to the staff devel-
opment program).

7. Teaching assignments in the primary grades (teachers
at the intermediate grades seem to experience greater
difficulty with the non-direct discovery approach
to instruction).

C. Uhen the sequence of staff development programs has been
studied, it is evident that where least time pattern pro-
duces the greatest change in the teacher's background
knowledge, their attitude and classroom behavior, pre-
school workshops are ranked next with college institutes
during the schoal year being the least effective.

In summary, conditions for success in the implementation of a
curriculum change in science are: (1) teachers educated in-the use of

the curriculum in a program that offers both knowledge of the change and

- 12



6
opportunity for guided practice in working with small and Targe numbers
of children; (2) an opportunity for the teacher to use the curriculum
in a classroom with confidence in a school district commitment; (3) a
teacher who is willing to use the program; and (4) a principal who both
exerts a dirvect influence on the instruction in his building and who
perceives himself as responsible for this area of the school activity.

A number of research studies conductad in connection both with
this project and with the implementation of the curriculum innovation in
the State of Texas are reported in a separate publication: "Research
and Curriculum Development in Science Education." io. 2, Elementary
School Science Implementation, The University of Texas publication.

The effectiveness of a curriculum innovation is directly de-
pendent upon the preparation of the teacher. Uhere, how and when a
teacher is to secure that preparation is a most important series of
questions. Teacher change is dependent upon at least the degree and
amount of administrative support for that change, and also upon the
opportunity for teachers to experience and practice the "new look" in
their classroom roles. The opportunities for experience and practice
come as part of a teacher education program which is directed by compe-
tent leaders of staff. Initially, this leadership staff may come from
outside the school system., But if change is to become a part of the
system, the source for change must eventually become a part of the home
base.

To initiate change from the home base, one approach has been

to structure awareness conferences in which the decision-maker has the

4}
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rtunit, to secure information about the curriculum innovation, A
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G po
second step in this implementation model is the demonstration setting,
in which the decision-maker can examine further the changed classrocm
procedures and question users. After taking advantage of these two
sources of information, the decision-maker can then choose whether or
not to adopt the program of change.

If adoption is initiated through the decision-maker, there
appears to be a third relevant step: to pilot test the innovation in
the local situation. Here the local experience will provide insight
as to the adequacy of the teacher education program, the appropriateness
of the curriculum materials for students and the capability of the local
sche~1 system for supporting the logistics required by the innovation.
This step usually requires the assistance of outside resources to direct
and guide the pilot use of the curriculum innovation.

The next step in the installati~~ ~f a program within a sys-
tem is the development of local leadershi, or the implementation of
the curriculum innovation and the development and adaptation of the
curriculum innovation itself to meet local conditions. Depending on
the size of the system and the amount of resources, the installation
process may take from two to four years.

The follow-up phase in implementing a program, its institu-
tionalization, is one in which the means are provided for continued
training of new members of the teaching and administrative staff and
continued effective utilization of the curriculum innovation is assured.

Figure 1 incorporates the three phases of imp]ementétion with
their relevant decision points. In this figure the nomenclature used is:

Tocal leadership staff, T3 = regional

S = student, Ty = teacher, Tz

ljRjkjescurce staff or staff of the local coliege.

o oot o 14
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Under the terms of the operational grant for the Curriculum
Dissemination Certer the following objectives were established as guides
for action:

1. Demonstrate a curriculum innovation in science;

2. Demonstra*e an inservice education program that
contains a model for inservice activity in other
subject areas;

3. Conduct leadership training and coordinate the
subsequent activities for staff of school dis-
tricts or regional service centers in the state;

4. Develop alternative approaches to inservice educa-
tion based on insights gained in the evaluation
activities.

For convenienca2 of presentation, the activities related to

each of these aobjectives are separately prescribed.

Cbjective 1: To demonstrate a curriculum innovation in science.

Plan
To accomplish this objective, the initial plan included a

series of demonstration centers as locations in which interested school
personnel might both observe and discussion new curriculum innovations.
With the organization of the Regional Service Centers, the plan was
modified to incorporate this function into the operation of the service
center. The Curriculum Demonstration Center would then assist Regional
Service centers to develop demonstration schools within their regions in
which teachers of at least four grade levels would be using the curricu-

Tum innovation.
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During the two-year period, demonstration school settings have
been generated in 12 of the . :gional Service Conters (Regions I, III, VII,
VIII, X, XII, XIII, XIV, XV, XVII, XIX, XX). The success of this plan
of more local information for decision-makers is indicated by the number
of regions which will continue the activity even after the funding of
the present project has ceased. Eleven of the 12 regicns (Regions I,
ITI, vII, VIII, X, XII, XIII, XIV, XV, XVII, and XX) have confirmed
that they plan to continue their werk which was initiated in cooperation
with this project.

Objective 2: Demonstrate an inservice education program.that

can serve as a model for inservice activity in
other subject areas.

Plan
To implement a curriculum which emphasizes discovery by the
student, an accompanying staff development program is necessary, because
teachers often are not accustomed to conducting classes in the manner
in which the curriculum materials are organized. The staff development
program was to be directed toward a new approach in teaching eiementary
school science. Evidence exists, however, that indicates a transfer of

teaching strategies developed within this staff development program

and language arts). The innovation in the staff development program was
a constant focus on teaching children. HMore than half of the staff
development program is built around observing and interpreting the stu-
dent learning encounters, leaving the gate open for an overflow into

other subject areas.

O
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Progress

Flexibility in the design of the staff development program is
the keystone. The pilot program was structured on a released-time basis
for participating teachers. Eighty-six teachers were involved in the
pilot test. They participated in 11 half-day sessions during the scheol
year. Five of these sessions met once a week for five consecutive weeks.
After completing the third session, teachers began to use the instruc-
tional materials in their own classrooms. Sessions 6-11 were held
approximately one month apart. These provided for continual develon-
ment of science background of the teacher and an opportunity for teach-
ers to seek help and provide feedback from their classrocm experiences.
The number of teachers in each grade level inservice session was approxi-
mately 10. Thus, all activity in a staff development meeting was directly
related to each teacher's primary interest--what was expected of her in
the classroom.

During the staff development sessions, teachers alternately
observed classroom demonstrations and analyzed these in follow-up dis-
cussions. In addition, teachers actively participated in the sessions
designed to develop an understanding of the meaning of the curriculum's
structure. These sessions enabled an understanding of the process
approach to teaching and provided background information in the science
content which was being used as a vehicle for communicating the program
structure. The teachers also were visited in their classrooms and
offered follow-up assistance to facilitate the impiementation of the

program in the classroom. Based on the pilot experience and work of
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91 school districts, a series of alternative schedules for staff devel-
opment have been postulated and tested. As an illustration of the
flexipility, the following plans have been used:
A. Summer workshops for volunteer teachers, three-weeks
long; morning-only sessions with monthly after-school
follow-through meetings.

B. Summer workschops wi-  volunteer teachers, three-week
sessions; full day ...th no follow-through scheduie.

C. Summer workshops volunteers or stipends for full-day
sessions of one week with six follow-through meetings
scheduled during the school year.

D. Summer workshop with volunteers or stipcnds for five
half-day sessions with or without follau~-thraugh
schedules.

E. Summer workshops for two days with six full days of
raleased time schedule during the school year.

F. Summer workshop of six weeks, full day with stipends
and necessary follow-through scheduled during the
school year.
G. Released time during the school year of 11 half-days.
H. Released time during the school year with 8 half-days.
I. Released time during the school year with 7 full days.
J. Released time during the school year with 5 full days.
K. After-school staff development program of 31 hour sessions.
L. After-school program with 8 sessions.

1. An academic institute of 8 evenings of two-hour sessions
each week.

As has been previously noted, experience gained in the imple-

mentation of one curriculum innovation, Science - A Process Approach, has

indicated that the staff development of classroom teachers is a crucial

step in the process of implementation. Through the combined activi:ie
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o the Science Inservice Project and the Curriculum Demonstratien Center,

research evidence indicates that innovativa curricula such as Science - A

Process Approach requires more than well-prepared teachers manuals and

student equipment. Effective translation of these materials into class-
room use follows only after additional training of the teacher. To this
end, the inservice program has been written by teachers and revised as
they have experienced needs in the classroom use of the innovation. This
inservice program has been designed to meet these two needs:

1. Inadequate academic background to use the curriculum
innovation, hence the need for a program to increase
teacher competence in the subject area.

2. Inadequate teaching strateg1es to foster inquiry and
individual responsibility in learning, hence the need
for a program to increase teacher ccmpetence in the
teaching strategies for ‘inquiry.

The key means by which specific needs have been identified has
been the use the teachers as a source of informaiion about both problems
and their relevant solutions. Following the activities of the 1964-65
school vear, the staff development program was revised, utilizing the
suggastions of teachers regarding the activities they found most helpful.
These suggestions resulted from asking teachers what they wished would
be included in the staff development program if they had the opportunity
to roll the calendar back and start the year over again. The teachers
jdentified those specific kinds of experiences which they felt would be
most helpful in giving them the orientation and preparation for the use
of the curriculum materials. Their suggestions include "less talk and
more action" and demonstrations with children with analyses following
these demonstrations to identify why specific teaching strategies were

or were not used.

<0
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After the 1965-66 school year, teachers were again given oppor-
tunities to suggest additions or deletions from the staff development

program. Specific suggestions included more emphasis on planning activi-

in a manner similar to the way the teachers are expected to teach.

The focus of the problem of implementing an innovat® -n becomes
the identification of strategy or organization for guiding the learning
experiences for children, Logically, a learning experience for teachers
should begin with illustrations of teachers teaching. This would con-
tinue with classroom practice and culminate with the analysis of experi-
ance, The reality of the educational encounter thus becomes the nrimary
means by which teachers can be confronted with the need for a new know-
ledge about teaching and guided in their development and the understand-
ing of an innovation.

Three assumptions comprise the rationale for this approach to
the staff development of a teacher. If the activities arising from one
of these assumptions are omitted, the objective of the staff development
program may well be far less than satisfactory.

Quite logically a teacher cannot be interested in change if
she has no knowledge of it or its potential; therefore:

Assumption 1 is that knowledge of the innovation precedes
and 1s essential to its implementation.

However, even if one has this knowledge, no action may result because
there is no commitment to change. Many bvilliant speeches have inspired
1ittle more than praise when action was needed. A key factor may be

that there was no need for action in that there was no commitment on the

o2






part of the teacher to any change in the classroom. Thus

Assumption 2 is that commitment to use the innovative

curriculum is essential to its implementation.

Even with knowledge of change and a comitment to its implementation,

results may be far from saticfactory for both the teacher and the stu-
dent. WYhat the printed page communicates varies in direct proportion

to the relevant past experience of the reader. Therefore,

Assumption 3 is that gquidance in the use of the inno-
vation is essential to its implementation.

To be communicated adequately, such experiences must draw upon the
reality of the classroom to provide a rationale for real change. This
approach to staff development has as its primary focus the Ec.ucational
Encounter. (See Appendix A for a more detailed description of the Edu-

cational Encounter.)

Objective 3: Conduct the leadership training and coordinate
the follow-through activities for staff of
school districts or Regional Service Centers
in the state.

Plan
The initial information service and staff development of
teachers in a district was to be conducted by outside resource staff
of the Regional Service Centers (T3). During the year of pilot use,
local lead teachers (Tz) would be identified as scheduied for partici-
pation in a summer leadership training conference. This T could then
assume major responsibility for the inservice program at the local dis-
trict level under the coordination of the T3 and the Regional Service

Center.



16
Progress

During the summer of 1967 staff members of Ragional Service Cen-
ters (Regions XIII, XiV, XV, XVI, XVII, and XX) participated in the first
leadership conference. One of the activities of this conference was for
these five individuals to design inservice sessions. These sessions were
then tried out in an inservice workshop and revised as needed. A feedback
session was held after each onec of the inservice sessions with the direc--
tor and the staff. At the completion of the workshop, the T3s returned
to their respective regions to conduct workshops within that region.
Periodicaliy, they returned to Austin for feedback on specific problems,.

In addition to scheduling and conducting inservice activities,
they were responsible for conducting awareness conferences with other
school districts in their regions and in working with individual school
districts on the problem of procurement and distribution of equipment.

A second leadership conference was held during the summer of
1968 at which time 41 T3s and Tos participated in a series of activities
designed to prepare them to serve as effective inservice insiructors
(sec Appendix B for a full report of this conference). At the secord
conference nine new Tgs from Regions I, III, VII, VIII, X, and XIX were
added to the program. Twenty-eight local lead teachers (Tg) were also
invoived from Regions I, VII, XII, XiilI, XiIV, XVI, XVII, and XX. Thus
as a model for implementing change in science, the sequence described
in Figure 1 appears to be a successful approach. Its applications
to other subject areas has not been systematically studied. Similar
approaches are being utilized in new programs in social studies and,

to a limited extent, in bilingual educational programs. The success
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of this approach is in part reflected by the commitment of 14 of the
Ragional Service Centers to continue to serve as an agency for piiot-
ing programs in their regions and in coordinating the programs in dis-
tricts when there is a commitment for complete impliementation (Regions
r, 11, 1v, v, vi, vir, vIir, Ix, X, XII, XIII, XIV, XV, and XVII have
indicated such a commitment.) Through this plan more than 3,000 teach-
ers are scheduled to participate in summer and school year staff devel-
opment programs during 1969-70.

Objective 4: Develop alternative approaches to inservice

education based on insights gained in the
evaluation activities.

Plan

Based on the experience with staff development programs and
feedback of teachers after one or two-years' experience in the use of
these programs, a modified staff development program was to be engi-
neered to include: (a) experience for the task by the teacher to gain
self-confidence and competence; (b) analysis of the task and design
of instruction -- the pre-active phase of teaching, including the
specification of subtasks, performance objectives and alternative stu-
- dent involvement activities; (c¢) analysis of teaching behaviors and
the interactive phase of teaching, including focus on teacher and stu-
dent verbal and non-verbal behavior; (d) generalization of the task
to other subject areas, including analysis of the skills in science as
related to social studies, language, mathematics and music as well as

social interaction with students.
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Progress
Basic to the validation of the paradigm of teacher education,
the Educational Encounter, are specified components of that paradigm
which can be systematically manipulated to observe effects on actual
achievement. Since April, 1968, a major amount of our time has been
directed toward the development of a series of modules that are a part
of the professional preparation of the Staff Development Prcgram. These
modules are systematically designed instructional packages structured
for efficient learner acquisition of specified behaviors. Each module
includes a statement of:
I. Objectives
Statement of what specific performance capabilities the
participants should be able to do by the end of the
module.
II. Rationale
Rationale, including general goals of the module, analysis
of the subtasks in the module, the relationship between
instructional activities of the module and the objectives,
description of the subtasks involved in each activity,
evaluation data on the use of the module during pilot
study grouping and related references to the module.
III. References
A listing of those references directly related to the
topic or content of the module and which would be most
relevant to the instructor.

IV. HMaterijals List

In the module, various materials are called for. In this
list, they are specified along with the instructional
activity with which they are to be used.

V. Instructional Activities

A. Each module begins with a pre-appraisal which is
task-related to the module's objectives. Using this
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as a diagnosis of group or individual performance,
the instructor can then select t“ose activities
(the modules) which are designated for the objec-
tives the participants need.

B. The instructional activities are presented in a
step format as one way to assist participants to
achieve the behavioral objectives. Alternative
instructional activities are possible and many times
will be presented.

C. The appraisal activities are other situations in
which the instructor can rediagnose the performance
capabilities of his group; based on this he can
make the decision to proceed or to go back and re-
teach.

VI. Duplicated Materials

Materials to be handed out to the students have been
assembled in a student work text. They are also included
in the module in two sets: one without answers and one
with acceptable responses included.

Thus, a module is designed to assist teachers to acquire spe-
cific behaviors. Does it? Answering this question invoives the proce-
dure for the development of a module. As illustrated in Figure 6, fol-
lowing the initial writing of the module the author collected the
materials and taught the module to at least three groups of inservice
teachers. HModules developed to date have usually been presented as a
class session in a conventional methods course. A member of the staff
observed the presentation and maintained a running commentary of the
participant reactions, including specific poirts of confusion. Follow-
ing this pilot testing of the module, two basic questions were asked:

1. 1Is it teachable? Can the module be presented as written?

2. Are students able to achisve stated objectives as a re-
sult of the experience?

WA



20

Once the module has been taught in the trial version, it was
written and further pilot tests of the module were conducted by other
members of the staff.

Following the revision, a first experimental edition is
readied for field testing. Up to the point of field testing, the
module is generally used only by members of the project staff. Once
the module is in the first experimental edition, the module is avail-
able to Tyos and T3s for field testing.

So that feedback information from field testing will be sys-
tematic and of the greatest possible use to the project staff, a
Module Feedback Form has been designed. The information from field
testing provided the basis for revision of the first experimental
edition. Following revision, the second experimental edition will be
field tested. Once the module is deemed ready, the material speci-
fications are stated and a final edition of the instructor's guide
and student section will be prepared for dissemination. 1In the prepa-
ration of the first experimental edition it is anticipated that
research studies will be conducted to determine the most effective
combination of filter elements for student acquisition of desired
outcomes. It is also anticipated that studies to determine the empiri-
cal validity of a sequence of behaviors will be possible.

Support for the development of the instructional modules has
been provided by the Research and Development Center on Teacher Educa-

tion of The University of Texas.
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III. The Future

From an initial start with ten teachers in 1963 to nearly
9,000 teachers in 1969 and an additional 3,000 “eduled for involve-
ment in 1970 the task of spanning the chasm between curriculum devel-
opment and changed classroom experiences for students has been started.
A source for an essential ingredient for this change, trained regional
and local leadership, has also been created as indicated by the in-
crease from one T3 in 1963 to 20 T3s in 1970 and no Tps in 1963 to
155 in 1970. A third essential ingredient in curriculum improvement:
A committed administration in the local school district has been in-
dicated by the adoption of this innovation on the basis of pilot test
experience in 91 districts in the State of Texas. As has been ind -
cated with respect to each objective, the means by which the objectives
of this project -- namely implementing change -- will be continued
after the cessation of federal funding has been described. The planned
involvement of more than 3,000 teachers during the summer and the next
school year is an adequate indication that federal funds have been used
to initiate change and that local resources are now taking over the
responsibility for continuing both the initiation and maintainance of
that change.

Budget for this report (July 1, 1967 to July 30, 1969) is as
follows:

$537,079.00 total cost
$101,899.00 total non-federal support
$306,108.00 total federal support under Title III TL89-10
$129,000.00 total federal support other than Title III TL82-10
$86,000.00 from The University of Texas Research and
, Development Center on Teacher Education
$43,000.00 - from the National Science Foundation through
the Science Education Center, The Uni-
versity of Texas
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THE EDUCATIONAL ENCOUNTER:
TOWARDS A PARADIGIT OF TEACHER EDUCATION

E. Glenadine Gibb
Cene E. Hall
David P. Butts
Science Education Center
The University of Texas at Austin
and
The Research and Development Center
on Teacher Education

The University of Texas at Austin

Teachers teach, but do students learn?

The complex experience of the teaching-learning interaction is, in
reality, an educational encounter. This encounter represents an inter-
action of individuals with experience ranging from organized subject
matter to incidental events. These encounters may or may not have their
meaning enhanced by the direction of a more mature "guide" or teacher.

Three criteria must be met for an encounter to be termed educa-
tional. To educate means, literally, to lead out of. This definition
implicitly suggests that first one knows who is being led; second, where
they presently are; and third, where they are going. Thus, an encounter
must be considered as a personal event, an event with an intended direc-
tion for a behavioral change and based on where the individual is with
regard to that anticipated goal.

When the educational encounter is analyzed, some characteristics
seem to be clearly identifiable. In an encounter, there is the inter-

action of individuals--that is, student with students or teachers with
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students. These interactions usually occur within an instructional con-

text. Uhile instruction imposes some challenges and restraints on the

student-teacher interastion, the social-organizational context of the

school and community provide additional restraints and challenges upon
this encounter. The encounter itself does not exist in isolation. It
is preceded by antecedents and is followed by Tower remote achievements.

The total encounter could be pictured in the following way:
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Interaction

Based on the concept of the educational encounter, what the Tearner
does depends upon the varied cues which he perceives. It also depends
upon the importance the individual attaches to the cues he perceives or
how large these cues seem to the individual. Thus, the task of teaching
and learning is the task of processing individual perception of cues and
making judgmental responses. An example of the individual perception of
a cue is the student's interpretation of a teacher's statement, "Can you."
It might be interpreted as an intended direction or as a question, "Are
you able?" Such aspects of teaching L.havior mediate the communication
between the teacher and the student. The implication of the interaction
between teachers and students for a teacher education program is that
such a program must inciude information-processing behavior about cues
and their interpretation of the teacher as an individual, the student

as an individual, and the teacher-student as an interacting pair.

Instructional Context

Added to the context of the interaction of the student with student
and student with teacher are the characteristics of the classroom or the
instructional context. Students and teachers may perceive these cues
differently. For example, with respect to such cues as the location and
number of participants in the instruction, desks arranged in rows clearly
communicate to the student the intent of the teacher for audience passive
participation with single or at best small group "stage center" activity.
Desks arranged in clusters of four to six enhance the probability of small

group interaction. The instructional strategies of the teacher and student's
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interaction may be a function of the subject context. Specific instruc-
tional tactics will be dependent upon the timing of the task; that is,
the introduction of a study, the continuation of a present area of study,
or the conciusion of an area of study. Both students and teachers per-
ceive cues and make judgments about their behavior based on what cues
are perceived and how these cues are interpreted as fitting both the
challenging, and restrictive. The implication of the instructional con-
text for teacher education suggests that three Kinds of information-
processing behavior are essential. The first category is the teacher as
a person knowledgeable in subject matter. The second category is the
teacher as a designer of instruction for children, and the third category
is a teacher as a decision maker in the instructional setting who secures

cues and judges them with respect to the children's response.

Social-Organizational Context

Encompassing the instructional context is a social-organizational
context. This context includes school organization, community, and the
wider environmental context of both student and teacher. The social-
organizational context provides more distant cues. It is relevant to
note that presently most teachers maintain major control over the instruc-
tional context. Hopefully, teachers will share more than a minimal amount
of this control with students. However, most teachers and most students
have no control over the social-organizational context of the learning
encounter. The social-organizational context contains boundary conditions

for subject matter, students, and thus for teachers. One can hypothesize
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that the degree of effective inter.ction with the instructional context
is directly proportional to the clarity with which both the student and
teacher perceive the boundaries of the social-organizational context.

As a direct implication, it is essential in the teacher education pro-
gram that information-processing behavior about cues and their interpre-
tation in four areas be identified. The first area is the teacher as

a member of a larger system. The second is the students as members of
a larger environment. The third area consists of the opportunities and
the constraints of the environment on the instructional context of a
t2acher and student; and fourth, the opportunities for constraints of
the environment on a personal context on the interaction of teacher and

students.

Definition of Teaching

If the educational encounter includes cues of the personal inter-
action of students with students and students with teachers, the instruc-
tional context, and the social-organizational context, then teaching is
(1) the perception of cues; (2) the classification of cues into perceived
order; and (3) making judgmental responses to these cues. This leads to
the generai concept of teaching as being information-processing behavior.
Accepting this assumption, the task is then to educate a person to secure

information to process that information to act upon that information.

Sequences of Encounters

If the educational encounter is considered as a definable unit of

total experience, then it is possible to distinquish two sequences of
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encounters that are relevant to teacher education. It is nov aenerally
accepted that teacher preparation does not terminate with a college diploma
but continues as long as the teacher teaches. Evaluation of a teacher
education program requires information about the effectiveness of the
teacher once he begins his career. The final and only real test of the
success of a teacher education program is the terminal achievement of the

pupils who are finstructed by graduates of the teacher education program.

academic and job experience. The resulting teacher education program

thus consists of two sequences of encounters: the college sequence and the
school sequence. Each sequence has many intricacies and compounding
variables of its own in addition to the interaction between the two se-
quences. Figure 2 (see attached page 6a) is an illustration of these

sequences.

College Sequence

The college sequence of teacher preparation begins with the student
entering the university. This sequence has two basic components: the aca-
demic foundations or liberal arts component, and the professional compo-
nent. In general, prospective teachers receive the same academic founda-
tion courses as liberal arts majors, foreign language majors and others.
In addition, 1ittle attempt is made to tailor courses to any unique needs
of prospective teachers. On the other hand, the teacher education pro-

gram is supposed to be ideally suited to the needs of future teachers.




b,

prdng  /

¢

,ﬁﬁm&m;mﬁ:ui /

\ Lendy =
\ k\ .

b
Y e
W

|

32i13ND3S T00HIS

2 a4anbLy

N, STW0D z%

wdnd /
ﬁme_;mg \

/
!

2IM3IN03IS 3931103

- ¢ L Jo30e4
7 pwﬂ_;ﬂtgp _
_ ;o
e
:
I
/
x\
/
S
i
.-.\\,
,
, [
mm %
ﬂ 3 | 1usucduwoy
Jusu 7 [euoLs
-aAdLYaY . ~5340d4
Ju3pn3s
{engoy L

Juaucduo)
J L3P RIY

s ”'E‘x‘g

31023 NQ
3u3pn3§

paJLsag

O

36

Aruitoxt provided by Eic:

E



Upon entering colleqge. students have a repertoire of behaviors,
specific personality characteristics, values, expec .ations, and academic
competencies. As a result of experiencing the college sequence of en-
counters, the student graduates and begins his professional teaching
career. At graduation the student has acquired new behaviors and compe-
tencies as well as changes in old behaviors and values and expectations.
At this time the college sequence graduate enters the school sequence as

a teacher.

School Sequence

Like the student entering the college sequence, pupiis enter school
with a repertoire of behaviors as well as certain developing characteris-
tics including values and expectations. As a result of the school se-
quence of encounters, the pupil leaves the school with modified old
behaviors and many newly acquired behaviors, values, and expectations.

One of the main factors contributing to the growth of pupils is the teacher.
A large portion of the effectiveness of the teacher factor should be attribu-
table to the college seguence.

As can be seen in Figure 2, pupil achievement in the school sequence
should act as feedback loop, providing a basis for accepting revision for
part (or parts) of the academic foundation or the professional components.
This feedback loop is one way of improving the encounter to the extent
that pupil lsarning is the result of the teacher.

In summary, then, there are two sequences of educational encounter
essential in teacher education: the college sequence and the school se-

quence. The prospective teacher enters the college sequence with certain
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behaviors ant receives training in both academic and professional compc-
nents. The actual achievement of the student is a range of attainment
in both number and level of desired behaviors. Likewise, the pupil enters
the school sequence and leaves the school sequence with certain acquired
behaviors. From research studies, it would seem possible to determine
how effective the teacier is in contributing to pupil achievement.
Knowledge thus gained should be the basis for revising the components of

the college sequence.

Four Significant Focal Planes

Based on the sequences of the educational encounters in Figure 2,
there are four specific opportunities at which comprehensive appraisal
of progress is essential. It is at these points that the range of experi-
ences appear to be focused; they represent key decision points in deter-
mining what kinds of programs should be prescyribed and what kinds of
modifications in the program ought to be made. These four focal planes
are: (FT) the desired outcomes of college students; (FE) the actual
achievement of college students; (FS) desired outcomes of pupils; and
(Fq) actual achievement of pupils (see Fiqure 2).

Referring to the instructional context of Figure 1, the desired out-
comes of the college sequence of encounters have been generated by at
least three referent groups. Schools and society continually are requiring
certain competencies of teachers; the professional educator has his set
of expected behaviors; and the student entering the program has his set

of desired outcomes. These three referent groups, however, do not always
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have a congruent set of expectations. Indeed, it appears that there are
some expectations that may well be perceived as being in conflict. Un-
less there is a common understancd  and agreement on the desired out-
comes, the effectiveness of the teacner education program will be serious-

1y reduced.

Categories of Desired Qutcomes

Using the information gained from the three referent groups for the
instructional context, it is possible to specify three categories of de-
sired outcomes for the college sequence. For each of these categories,

a set of behaviors can be specified based on the concern level of the
student. 3asic to our frame of reference is that changed behavior will
be in response to perceived cues. If changed behavior is a response to
perceived cues and if concerns bias that which we perceive, then it fol-
lows that the concern level of the student must be one basis for sequenc-
ing behaviors within categories.

The three categories of behaviors for the instructional context are:

1. Task competence; that is, awareness of a specific task
and experience in doing that task.

2. Instructional design; that is, the pre-active phase of
teaching. The translation of the task into experiences
suitable for pupils. This includes analysis of the task,
specifying behavioral objectives for the task, selecting
alternative instructional experiences and designing pre-
and post-appraisal activities.

3. Instructional decision making; that is, the interactive
phase of teaching. The act of using instructional materials
with students and with this use the identification of
effective strategies for interacting with pupils. A second
outcome of this phase is the opportunity to secure feed-
back on the instructional design for utilization in its
modification.




10
Figure 3 illustrates how the behaviors of the instructional con-

text are sequenced based on the concern of the student.

A note of caution shouid be inserted here. Fiqure 3 represents an
hypothesized sequence based on experience. Systematic research is needed
to determine the empirical validity of this cequence and its relevance

to the cancern level of the student.

Encounter Filters in the College Sequence

Clearly defined desired outcomes are important but are they the
necessary and sufficient condition for successful achiavement of these
outcomes? There appears to be a series of filters between the entry and
the exit of the encounter. These filters are:

1. the student;

2. the instructor;

3. the conditions that surround the learning situation;
and

4. the interaction of the instructor with the student.

To facilitate student achievement of desired outcomes in the college
sequence, a system for Tearning must be established. In this system (cee
Figure 4), these four filters contribute to systematic achievement. The
filters are subdivided into specific elements which can be utilized in
an instructional situation (see Figure 5). It should be pointed out that
various sample elements described here are very large in scope and greater

specificity of elements within the filter is possible,
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Student Filter. The first filter to be considered is the student

filter. What internal conditions and variables of th= learner affect his
actual achievement? These elements include such items as intelligence,
aptitude, age, sex, mental maturity, etc.

Instructor Filter. The instructor filter is a broad classification

that includes such elements as a full professor, a guest lecturer, a
graduate teaching assistant, and a computer. Another example of an ele-
ment in this filter is a textbook or printed program material.

Conditions for Learnina Filter. Conditions for learning would con-

tain such elements as whether instruction occurs in a classroom setting
of 30 or at a computer console on a 1 to 1 basis or perhaps a seminar
with six students and a group leadevr. Other types of conditions can be
specified and placed :n cells within this filter.

Interaction Filter. OQOnce the elements of the conditions for learn-

ing filter and the instructor filter have been identified, there must be
an interaction with the learner--in this case, the student. The type,
frequency, and variability of the interaction behaviors will depend upon
what the conditions for learning are, as well as what the instructor
factors are. One example might be the interactions expected if the con-
ditions for learning element is a computer console and the instructor
element is a compter which will result in different kinds of combinations
than if -he conditions element is a classroom with 30 students and the

instructor element a full professor.

44
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Encounter Filters in School Sequence

A ]

In a similar way pupils' achievement at the focal planes 3 and 4 is
directiy related to the four filters of the instructional context. For
example, when the conditions for learning filter is considered, various
elements of th.s filter can be identified such as normai classroom situa-
tions where the teacher uses a question and answer cycle, laboratory
investigations or the watching of an ETV program. Eiements of the in-
structor filter in the school sequence should have a great deal of
specificity since the teacher has just graduated from the college se-
quence. His repertoire of behaviors and his degree of achievement of
this repertoire have been specified. The interaction filter again in-
cludes such things as whether it is pupil-teacher interaction, pupil-tape
recorder interaction or pupil-computer interaction, etc. The student
filter is complex ant contains many difficult to specify items, such as
I1Q, mental matuiity, attitudes, aptitudes, class achievement, sex, and
so forth. Here again, though, each element within each filter affects
the ac*tual achievement of the desired behaviors. By varying the elements
chosen .or the achievement of a specific behavior, the sequs - ¢~ ele-
ments which results in the greatest individual pupil achievement of each
behavior could be identified.

It is hypothesized that the relative contributions of varying ele-
ments ¢f a filier are probabilistic. Once the characteristics of the
individual learner have been specified, the actual element employed for
a given filter will contribute a certain amount to learner achievement.
It is further hypothesized that the amount of contribution by a specific

element is quantifiable relative to other elements in the filter.




Summary

Teachers teach, but do students learn?

The search for anerational answers to this question has led to many
alternati- . descriptions of the complex encountey between students and
teachers. Examination of this encounter suggests that it includes iden-
tifiable outcomes for the encounter, specific components for the encounter,
and the actual student achievement as a result of the encounter.

Further analysis of the encounter suggests that the central core is
inter-personal interaction of teachers with students and students with
students. Surrounding this interaction are those topics for intended
instruction--or the context of instruction. Enveloping the context of
instruction is the social-organizational context of the school and society
from which the goals of instruction are secured. Each of these three
groups--student, teacher and school-- contribute to the description of
desired gutcomes of the encounter and, to some extent, each contributes
to actual learner achievement. Encounter sequences are identified on
both the college level and the school level.

When one considers the desired outcomes of instructional context
at the college level, input from the schools, professional education,
and the student has resulted in the specification of three categories of
hehavior.

Thay are:

1. Competency in doing the task;
2. Design of instruction or pre-active phase of teaching; and

3. Instructional decision making or interactive phase of teaching.

46
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The same thresc referent groups again have an input into the actual

encounter both with the college and school levels. Filters of this en-

caunter have been described as those factors which are directly related
to the achievement of specific objectives. These filters include:

1. the student;

2. the instructor;

3. conditions for learning; and

4. the interaction between instructor and student.

The primary goal of teacher education is for teachers to enjoy teach-

ing and for students to enjov learning. Within the context of specific
disciplines, this is translated into the primary goal of the Mathematics-

Science Module Building Group that is for teachers to enjoy teaching

mathematics and science and for students ts enjoy learning mathematics

and science.
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I. INTRODUCTION

The 1968 Leadership Conference at The University of Texas

ing teacher education programs in the implementation of new curriculum
in science in the elementary school. These individuals came from
school districts (T») and Regional Service Centers (T3) and represented
a cadre of resource individuals for the task of implementing improved
science curriculum in elementary schools. Selection for participation
in the conference was based on recommendations of school district ad-
ministrators or Service Center directors.

A second group of participants included classroom teachers
(T1) who were concerred with improving their approach to the teaching
of science. Many of these used this opportunity to secure college
credit for the conference and all voluntarily participated in the con-
ference. Table 1 summarizes the background of the participants.

Table 1
Professional Background of Conference Participants

Classroom Teachers (Ti)

Primary 31
Intermediate 24
Lead Teachers (T2) 26
Regional Seryice Center Staff (T3) 10
Science Supervisors and Administirators 5




IT. OBJECTIVES OF THE CONFERENCE

Because of the nature of the participants, there were two
sets of objectives for this conference. At the completion of the con-
ference, the classroom teachers (T1) should be able to:

1. Identify and demonstrate the use of teaching strategies

which are compatible with the philosophy of Science - A
Process Apprcach, This should include such strategies as:

a. describing situations in which students can raise
questions, construct procedures, and demonstrate
appropriateness of conclusions;

b. describing classroom situations which illustrate
wiliingness to wait for appropriate responses
ather than tell the "correct" answer;

c. identifying learning situations which involve
active participation rather than passive listening;

d. describing questions which are posed to secure
thinking rather than those with a single "coriect"
pat answer fr.m the student;

e. describing learning experiences in which students
have the satisfaction of completing a worthwhile
task;

f. distinguishing between classroom experiences that
are directed toward behavioral objectives and those
that are "side excursions" into other areas;

g. describing student achievement in terms of observed
behavior rather than opinion of what behavior ought
to be present;

h. 1identifying goal achievements through assessment
of student behavior.
2. Demonstration of the acquisition of specific behaviors

and knowledges which are part of the structure of
Science - A Process Approach, including the following:

a. distinguishing similarities and differences in
objects and events;

b. distinguishing between observations and inferences;

ol



identifying the unit or units of measurement
appropriate to a particular tesk;

]

d. stating observations in terms of precise posi-
tion or motion description;

e. identifying shared properties of objects or events
and using these in the construction of classifica-
tion systems;

based on past observations;

g. stating observations in quantitative terms when
appropriate;

h. constructing a scheme for recording data so that
interpretation of that data may be distinguished
from the data.

In addition to the above objectives, at the end of the con-

ference each of the school district leaders (T,) or the Regional Ser-

vice Center staff (TB) should be able to:

1.

Describe the curriculum, Science - A Process Approach,
its rationale and psycnologicail basis;

Construct science experiences for studerts which i1lus-
trate the programs rationale;

Apply the structure of Science - A Process Approach to
directing learning experiences with students; '

Lescribe a teacher education program for Science - A
Process Approach;

Demonstrate the teacher education program with class-
roam teachers;

Identify classroom events which are not in resonance
with the fidelity of Science - A Process Approach;

Construct alternative solutions to the problem of
implementing programs back home; i.e., identify
sources of resistance to change and apply appropriate
strategies. This includes demonstrating the inicia-
ting, the intervening, and the receptivity skills
such as involved in giving and receiving feedback.



4

The Leadership Conference was organized around a dual schedule
with TBS and T,s participating in a variety of leadership training
sessions each morning. Then these T,s and T3s assumed the role of in-
structor for the afternoon sessions in which classroom teachers (T!)
were the participants.

In order to make each person’s involvement in the total confer-
ence as relevant as possible to his expected role upon the completion
of the conference, all participants ware assigned to one ef six groups.
Activities within these sub-groups were based on grade levels 1-6. Al-
though some general sessions involved al. participants in one large
group, much of the 15 days of the conference were spent in the sub-group
sessions. The agenda and complete program with a roster of participants
are in Appendix A.

During the morning sessions, the T and T4s constructed al-
ternative strateqgies for conducting inservice programs and a variety
of sequences for implementing new science curriculum. They spent much
time working on the task of helping classroom teachers implement a
pragram which included designing awareness conferences for the school
administrators and decision-makers for allowing the program to start.
Additional time was spent in developing strategies for working with
building principals and involvement in the classroom.

Specific activities during the morning sessions for Tps or
T3s involved sessions dealing with such problems as:

a. What decisions must be resolved while planning to
conduct an inservice session?

03
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b. What alternative inservice modules or teaching educa-
tion sessions to guide in the planning and conducting
of inservice are available?

c. Yhat alternative activities to those suggested in the
existing guides can or should be constructed?

d. What is the role of lead teachers conducting demonstra-
tions with children in science?

e. What is the place of low ratio teaching and the accom-
panying feadback for inservice?

f. How do you handle inquiries about science equipment
and materiais?

g. What is the classroom teacher's own perception of her
rale in a process centered program for children?

h. How do you conduct "Awareness Confarences" for schools
not familiar with new programs and in this way hanile
concerns of administrators?

i. UWhat should follow-up activities include?

Jj. 4hat does research say about the new science programs
and the kind of inservice which should or should not
accompany their adoption by a school district?

Since T,s and T3s must work with adults in the change process,

these experiences included a study of their own interaction with others.
The study included the use of:

a. Fishbowl technique in which each group works with a per-

son trained in the group process and the trainer observes the group
whiie it works on a task (e.g., deciding how to implement a new curricu-
niques, habits of interacticn that either help or hinder attainment of
the group task; other observers then give their feedback in terms of
specific suggestions for changes in behavior to be tried; the group

returns to the task and tries to practice the suggested behaviors.

Gl
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b. Heeting and coping with overt resistance; that is a pool

of back-home problems anticipated or actually encountered in trying to
get new programs in science ins: “uted was develaped by participants.
Suggestions for solution strategies were given by participants, and
then they tried role-playing.

c. Role playing. The suggestions to get some practice at

coping with a range of responses. Agair feedback plaved a part in the
training. After trying a roie, tne group coached a participant, and
he tried again. The director of the institute and other members of
the staff served as the vole-person to be changed. The experience of
these three in implementing new programs providing them with a wide
range of type of resistance different kinds of school personnel offer.
Conferees "met" all these types in role-playing.

d. Feedback. Techniques for getting and using feedback
were practiced in the ways described so far but in one additional way.
The groups regularly return reaction shzets to sessions in which they
participated. Remarks were collated and returned to the group and the
instructor used them as a vehicle to teach the group on how to give
and take feedback. Initially, participants were hesitant to be candid
and many times they did not know how to be cor- tructive. In the
necessity to manage their feelings about saying something perceived
to be critical, they omit the part of feedback which is critical to
change, namely constructive alternatives. With training, the group
came to perceive direct feedback as vital to program planning. When
that happened, both the giver and the receiver were ready to profit

from it.

e
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The afternoon sessions for T]s were conducted by the Tps or
T3s. These sessions were planned by the lead teachers during part of
thair morning sessions and included a baianced blend of sessions involv-
ing both the preactive and the interactive phases of teaching. Included
among some of the preactive sessions for teachers were:

a. An introduction to Science - A Process Approach.

b. Setting individual goals for the conference.

Planning to teach children in a low-iratio situation.

[

d. Sessions on each of the basic processes of Science - A
Process Approach: Observing, Classifying, Communicating,
Inferrina, Measuring, Using Space/Time Relationships,
Using Numbers, and Predicting.

e. Stating and cequencing behavioral abjectives for in-
struction,

f. Constructing alternatives to a written exercise.
The sessions directed toward interaction with children ware:

a. Low-ratio teaching involving more than 100 children
whose parents volunteered to bring (some stayed to
watch) and pick up their children for an hour of
science excitement.

b. Feedback, giving and receiving constructive observa-
tions of one's teaching.

c. Observing demonstration classes taught by a lead teacher.

d. Practice in making instructional decisions based on a
filmed sequence of a classroom situation.

At the end of the conference the Tzs and T3s were given the
oppertunity to give specific feedback as to how they perceived the
relevance of the conference to their perceived needs (See Appendix B
for a copy of Operation T Biast). Al1 six teams rated the experien-e
of mak’ng presentations to the Tys as the most useful p%rt of the con-

ference. The discussion of patterns and content of the inservice

56



session was the second most useful aspect. In general the fishbowl
type of sessions were rated as the least valuable; for example, the
fishbowl experience in how to structure low-ratio teaching was given
the least useful rating. Table 2 lists the sessions as ranked by
the aroup as being most useful to them. Tabie 3 specifies how sub-
aroups perceived the total conference.

Based on feedback at the end of the conference (see Appen-
dix B for Feedback Form) the T15 rated the teaching demonstrations
as a positive contribution (44 and 41 on a 61-point scale). They
rated the opportunity with team leaders as quite important (48}).

s described the oj.portunities to work with other

The T]

teachers as iastructors as most helpful. Some of these specific com-
ments were:

"Wle received a lot of help from these people who've
had some experience with the process approach.”

“They took time to answer auestions and explain
things to us on a one-to-one basis.”

“The lead teachers provided us with a real sense
of security. e had not only lead teachers but
workshop staff who always took time and were will-
ing to help."

"Very helpful; they really communicated."

Constructing an exercise was perceived to be the least use-
fu by the Tys while the session on Behavioral Objectives, Communicatirg
and Classifying, Communicating and Predicting, were seen to be the most
useful. Specific comments on the Bheavioral Objective sessions were:

"It gave me a much better understanding of good
objectives."

“There wasn't any doubt when the session was over
as to behavioral or non-behavioral objectives."

07



13.
14,
15,
16.
17,
18.

Table 2

Tzs and T3s Ranking of Conference Sessions

Presentation of sessions to T1s

Session on the pattern and content of inservice programs
Team level conferences with team leaders

Organizing thz structure of an inservice program

Analysis ov the structure of an inservice program; the preactive
and interactiva phases

Analysis on why have demoustration classes
Participation in jow ratio t=2aching

Overview of the entire conference

Fishbowl ¢n planning an inservice session

Review of the instructor's guide and resource materials
Role playing on film and feedback techniques
Constructing an exercise

Review of research results

Fishbowl on planning an Awareness Conference

Handling questions of school administrators and supervisors
Analysis of equipment and prices

The self-diagnosis through pre- post-testing.

Presentation of the observation session by one member to the
entire group

Fishbowl on how to structure the situation for low-ratio
teaching

303



Grade Level
Team

Tablie 3

i

Most Useful

Discussion of pattern and
content of inservice pro-
grams;

Organizing the structure of
an inservice program

Presentation of the Obser-
vation session;

Analysis of why have demon-
stration classes

Presenting sessions to Tqs;
Team level conference
planning time

Participation in low-ratio
teaching;
Presenting sessions to Tys

Presenting sessions to T]s;
Organizing the structure
of an inservice program

Team level conference plan-
ning time;
Presenting sessions to T1s

10

Ledast Useful

Presentation of the 0Ob-
servation session to
the total group;

Fishbowl on how to stvruc-
ture the situation for
lTow-ratio teaching

Review of research re-
sults:

Fishbowl on planning an
Awareness Conference

Fishbowl on how to struc-
ture the situation for
Tow-ratio teaching;

Fishbewl on planning an
Awareness Conference

Analysis of equipment
and prices;
Pre- post-testing

Presentation of the Obser-
vation session to the
total group;

Fishbowl on how to strun-
ture the situation for
low-ratio teaching

Presentation of the Obser-
vation session to the
total group;

Fishbowl on planring an
Awareness Conference
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"Excellent sessions."

"The action words provided the key to a central
behavioral objective as well as what to look for
in the child's performance."

The opportunity to work with children during a cclliege course
was a new experience for most of the participants. The experience was
consistently rated as one of the most useful experiences 6f the confer-
ence. In describing how they felt about the experience, their comments

were:

"The planning was well done; all materials were
ready at the station."

"The positive enthusiasm with which the task of
low-ratio teaching was described to classroom
teachers had a Tot to do with how well they re-
ceived it."

“The congenial manner in which Tos helped the Tys
plan their lesson helped everyone relax."

"The experience gave me a good beginning picture
of what this process approach is all about."

"I now know an approach to teaching a child that
I did not know previously."

“"As-a teacher of children I learned I must recon-
struct my questions so that I am getting informa-
tion, not telling it."

"Being confronted with two children of different
ability in a one-to-two lesson realiy dramatizes
the kinds of individual differences we don't always
detect in a class of 28 children."

"I now feel more secure in teaching children in a
process approach., It wasn't nearly as frightening
as I expected.”

“Most of the Tis observed the kind of boundless joy
children can display in a real learning situation
and they enjoyed the chance to work with a spacific
exercise at their grade level."

ERIC 69
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Although the session on giving and receiving feedback was not

rated high (42), it did elicit some insightful comments:

they had found relevant was rather obvious.

Grade Level

1
2

(o2 BN & ) B - N O3

the sum of its parts.

"It was the most outstanding of all sessions."

"Perhaps I can now offer more specific help to my

student teachers."

"This provided some great rules for anyone to

follow in sharing observations.”

"It was enjoyable, and it sure got the point over."

"I never enjcyed a more candid, constructive look

at ny own teaching."

Table 4
ilost _Useful

Behavioral Objectives
Using numbers, comm...i-
cating, classifying,

measuvring
fMeasuring
Measuring
Measuring

Communicating and
predicting

Grade level as a contributor to the T1s' nerception of what

Table 4 summarizes this.

Least Useful

Teaching demonstration

Observing

Usir umbers
Con ructing an exercise
Con tructing an exercise

Using space/time rela-
tionships

It has been said that the total may, on occasion, be more than

This apparently was true for the entire conference.

Its total rating {53) was higher than the rating for any individual part.

Some comments which reflect this rating, however, were:

61
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"A great Tearning experience! The demonstrations
were particularly helpful.”

"y classroom materials are now more easily inter-
preted."

"Before this conference, science was some simple
expeviments I squeezed into my social studies units,

if there was time. Now I can't wait to return to
my classroom.”

I11. EVALUATION

A keystone of the conference was the emphasis or self-diagnosis.
UKnow thyself--ithy strengths and deficiencies” was . ... .1.0duyg Tl
Throughout the conference all participants spent time with two diagnos-
tic instruments, Teacher Profess HMeasure and Instructional Decisions
Test, to assist them in determining specific areas which needed intense
attention. This information was available the day after taking the
instrument and was then utilized in the planning of instruciicnal activi-
ties.

The Teacher Process Measure is an instrument developed by the
Commission on Science Education of the American Association for the
Advancement of Science to measure competence in using basic science pro-
cesses in solving problems. Results for all participants are shewn in
Table 5.

Figures 1 to 9 are the comparisons between Tys, Tps, and T3s
on both total and sub-scores. Examination of these figures suggest

that Tys made the greatest gain.
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Table 5
TEACHER PROCESS MEASUKE: MEAN SCORES

Max - 49 Form A and B

Grade !level Pre Post Change
1 28.7 38.2 9.5
2 22.2 30.8 8.6
3 25.4 48.2 14.8
4 29.6 40.7 11.1
5 30.5 43.2 12.7
6 28.2 32.1 3.9
7 30.3 40.0 9.7

OVERALL HMEAN 27 .4 34.5 7.1

Lowest 5 10

Highest 47 48

Range 42 38
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A second set of outcomes for the conference included inter-
active behavior. The Instructional Decisions Test is a set of filmed
classvroom sequences which presents an instructional problem. As a
classroom session is in progress, the film is stopped and participants
describe "what the teacher should do next." Figures 10 to 14 iliustrate
the comparisons of scores of the T]s, Tzs, and T3s on parts of this

instrument. Clearly, the Tys show the greatest change.
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AS WE BEGIN

Few of us realize how short the career of what we know as "science"
has been. Three hundred fifty years aao hardly anyone bhzlieved in the
Copernican Planetary Theorv. Opntical combinations were not discovered.

The circulation of blood, the weight of air, conduction of heat, tho loss
of motion were unknown., The common pump was unexplained. Thers were no
clocks, no thermometers, no general idea of gravitation. The spirits moved
the planet; alchemyv, magic and astrology imposed action through belief or
fear,

Because someone challienced those heliefs: because an organized anproach
to try to find out what they were coing te do after they could not do what
tiey had planned to do; e now have an impressive array of formulas, tax-
onomies and theoretical constructs. We have both the results of 350 yzars

of questioning and the process by which thesa resuits have been obtained.

The essence of science is inauivy. Inquiry may be described as a
structured way of asking aquastions and seeking their answers. Science -

7

A Process Approach represents one effort of an experimantal anp+oach to

science instruction. "neh - . emphasizes the stuuents exploiing

his environment, the handling and manipuTation'of that environment. It aiso
directs the student to exnlore the largely untried realm of thinkin throuah
the relating events, having ideas and testing his ideas. Explorat: .n of

the environment and thinking are extendad throuah exploration and o-rge :izing
oneself t. explore, in evaluating one's deductions, in makino mistaies and
in impreoving one's anproach to seeking for understandinag.

]

Through a orocess approach a student is learning early to mani " late

and contre. aspects of 1is environment throvgh guided ex loration.



I. process approach to the teaching of science micht be simply described
as a student learning to do by doing. This is not auite complete. He Tearns
by gquided doing. The role of the teacher is one who structures the learning
situation, one whe carefully watches and listens to the learning activities,
one vho stimulates and encourages the learner, one vn0o prevides hackaround
and direction for the laarner to skillful cuestioning.

Education in the sciences, as in other areas, starts where the child is.
To use effectively a procaess anproach to the teaching of science instruction,
you, as the teacher, must assess whare the child is and use curvriculum mat-
erials to bridcee the gan and extend the child's experiences in science. You
must be aware of and sensitive to the thinkina of children.

The Science In-Service Project is desianed to explore a variety of means
by which vou may find assistance in sharing the joy of intellectual disc
with your students, and increase their awareness of an ability to use struc-

ured ways of seckina questions and their answers.

Acknowledaement is made of the Commission on Science Education of the
American Association for the Aavancement of Science which sponsors the devel-

opment of Science - & Process Approach, for their cooperation in permitting

these materials to be used in your classroom.

The Science In-Service Project
David P. Butts, Director

Science Education Center

The University of Texas at Austin



MOMDEY, JULY 15, 1268

LEADR TEACHERS:
g:00 A, -
10:00 A1, -
10:30 AM. -

12:00 Moon
115 P.M,

14

2:15 p.M.

4-80 P.M.

SCHEDULE

Overview of the Conference

Informal discussion with coffee

Task analvsis and assignment -~ that is -
Who will do what?

Lunch

Review of Instructor's Guide and materials
Self Niagnosis

MNdiourn



TUESDAY, JULY 16, 19¢8

LEAD TEACHERS:
9:00 LML
10:15 AV,
10:30 NN
12:00 Moon
1:15 P.M.
2:30 P.M.

4:00 P.M,

Planning an In-Service session
Informal discussion with coffee

Team Conference

Lunch

Handling Teacher's Resnonses
Improving Communicating Skills -~ the
nrasentation of an in-service session
betuween teams.

fdiourn



UEDMESDAY, JULY 17, 1968

LEAD TERCHERS:

000 A.M. Invelverent of Teachers in In-Service -

focus on sharing in-service sessions

betugen teams.

10:15 A.M. Infarmal discussion with coffee

10:30 A,M.

Team Conference and preparation

12:00 Moon Lunch

]

BEGINMING OF TEACHER IM-SERVICE PROGRAM

ALL PARTICIPAMTS:

1:00 P.HM. - Helceme and Introduction to Science and
Children - Science - A Process Approach
2:00 P.M, - Goal setting for the conference

2:20 P.M. Informal discussion with coffee and coke

2:45 P.M, - Finding where we are
4:00 P.M, - Adjourn

3



THURSPAY, JULY 18, 1568

LEAD TEACHERS:
9:00 AL

10:00 A4,
10:30 A.M.
12:00 Moon

ALL PARTICIPANTS:

1:00 P.M,

2:00 P,
2:30 P.M.
3:30 P.M.
4:00 P.M,

3

Prenaration for Low Ratio Teaching -
Strategy Conference on how to nresent
the task.

Informal discussion with coffee

Team Plaunino |

Lunch

Handling the Task of Deciding about
Instruction

Informal discussion with coffee and coke
Observing, the btasic stuff of science

Structuring the Low Ratio Teaching Session

Adjourn

Ly



FRIDAY, JULY 19, 1668

LEAD TEACHEPRS:
Q.00 AL,

10:00 A.M,

12:00 Moon

FLL PARTICIPAMTS:

1:00 P.M.
2:30 P.M.
3:00 P.M,
3:30 P.M.
4:00 P.M.

1

The Two Faces of Teaching - Pre-active and
Interactive. Yhat do teachers expect of
themselves?

Informal discussion with coffee

Team Planning

Lunch

Lovt Ratic Teaching (Teaching - 45 minute period)
Informal discussion with coffee and coke
Structure of an exercise

Feedback -~ does it help build un - or bhuild down?

Adjourn
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MOMRAY, JULY 2Z2. 1968

LEAD TEACHERS:
9:00 N.M.
10:00 AM.
10:30 A1,
12:00 Noon

ALL PARTICIPANTS:

1:00 P.M.
2:30 P.M,
2:45 P.M.

4:00 P.M.

Handling inquiries about materials
informal discussion with coffee
Teem Planning

Lunch“

M
,

Low Ratic Teaching - Two to Two

Informal discussion with coffee and coke
Stating and sequencina objectives for
instruction

Adjourn



TUESDAY, JULY 23, 1968

LEAD TEACHERS:
2:00 AL,

10:00 ALHM.
10:-30 A.M,
12:C0 Noon

FLL PARTICIPANTS:

1:C0 P, M,
1:45 P.M.
2:00 P.M.
2:30 P.M.
4:00 P.M.

'

NDemonstration classes - should we? If so,
for vthat reason?

Informa : discussion with coffc:

Tea -lariing

Lunch

Demonstration class

Teacher analysis

Informal discussion with coffee and coke
The Process of Inferring

Adjourn

2°D
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YEONESDAY, July 24,

1968

LEAD TEACHERS:
Q:00 A.M,

10:30 A.M.
11:00 A.M.
12:00 Noon

ALL PARTICIPANTS:

1:00 P.M.
2:30 P.M,
3:00 P.MM.
4:00 P.M.

Conducting Awarenec. “arence -
Nemonstration and Dis Jssir
Informal discussion wi -+ cu¥fee
Team Planning

Lunch

Using Snace/Time Relaticr
Informal discussion with coffee ind coke
Constructing an Exercise

Adjourn

83
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TIHIRSDAY, JULY 25, 1568

LEAD TEACHERS:

9:0C ~.M. - Handlina concerns of Administrators -
Teachers
10:00 A.i. - Informal discussion with coffee

10:30 A.M, - Team Planning
12:00 Moon - Lunch

ALL PARTICIPANTS:

1:00 P.H.

Lov Ratio Teaching
2:30 P .M, - Informal discussion with coffee and coke

3:00 P.M.

Using Humbers to Extend Observations

4:00 p.M, Adjourn

4
H



FRIDAY, JULY 26, 1968

LEAD TEACHERS:

0:00 AML -

10:00 AWM, -
10:30 AM. -
12:00 Moon -

ALL PARTICIPANTS:
1:00 P.M.

2:30 P.m.

3:00 P.it.

4:00 P.M,

i

12

Strategies in structuring an in-service
proaram and its follow-up

Informal discussion with coffee

Team Planning

L.unch

Lot Ratio Teaching

Informal discussion with coffee and coke
Extending Observations through Communicating
and Cla=s3ifying

Adjourn

(D
I



MOWDAY, JULY 23, 1968

LEAD TEACHERS:

c:00 LR

Peview of Pesearch Pesults ir the impirmen tion
activities of the Science In-Servico Proje

10:0G AM. Informal discussion with coffee

10:30 AM.

H

Team Planning

12:00 Moon - Lunch

ALL PARTICIPANTS

1:00 P.M. - Demonstration
1:45 P.iM. - Teacher Analysis
2:00 P.}I'. -~ Informal discussicn with coffee and coke

2:30 P.M.

Duantifying Observations - oy the Process of

Measuring

4:00 P.M. - Adjourn
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TUESDAY, JULY 30, 1968

LEAD TEACHERS:

2:00 A.M. Current Concerns

10:00 A.M.

Informal discussion with coffee

10:30 AM.

Team Planning

12:00 Moon Lunch

ALL PPRTICIPANTS

.8

1:00 P.M. - Low Ratio Teachina - with a self constructed
exercise

2:00 P.1. - Informal discussion with coffee and coke

2:30 P.M. ~ Communicating and Predicting

4:00 P.#. - Adjourn
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WEDNESDAY. JULY 31, 19¢g

LEAD TEACHERS:

3:00 A M. e look ahead!

10:00 A.t5. - Informal discussion with coffee

10:30 A.M. - Tecam Planning

12:00 MNoon Lunch
ALL PARTICIPANTS:

1:00 P.M.

Low Ratio Teaching, with seif constructed

exercise

2:30 P.M., fnformal discussion with cofFfee and coke

3:00 P,

The Intecrated Processes

4:30 P.M.

Adjourn

8§



THURSDAY, AUAUST 1, 1968

LEAD TEACHERS:

S:00 ALM. Planning Time

10:00 A.M. Informal discussion with coffee

10:30 A, Team Conference

12:00 Moon Lunch

ALL PARTICIPANTS:
1:00 P.M. - Handling instructional decisions
2:00 P.11, - Informal discussion with coffee and coke
2:30 P, - Looking at our progress

4-00 P.M. - Pdjourn
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FRIDAY, AUGUST 2, 1968

LEAD TEACHMERS:

9:00 AM, RPevision of the in-service sessions

3

10:00 A.M. Informal discussion with ceffee

10:30 A.M.

Continued revision of in-service sessions
12-00 Noon
ALL PARTICIPAMTS:

Lunch

1:00 P.M. - Standing on the shoulders of our experience

2:30 P.i. - Adiourn

99
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SCIEMNCE AND THE CHILD
David P. Butts
Science Education Center
The University of Texas
"Class, look at this picture, and tell me what you see." said the
teacher.
Hands went up, tut the teacher called on Peter, whose hand had not
been one of them. "Peter, what is it?"
"It looks like a rat."
The class laughed, Someone said, “"Peter is so stupid. He doesn't
know a rat from a rabbit."
The t. acher said, “Peter, vhat's the matter with your eyes? Can't
you see that it has long ears?"

3

“Ye.," said Peter weakly.

"It is a vabbit, isn't it, Peter?”

"Yes," he said.

"Today's story is about a rabbit," said the teacher, pointing to the
picture and then the word. Tt's a story about a hungry white rabbit. Uhat
do you suppose a rabbit eats when he's hungry?"

“Lettuce;“ said Mary.

"Carrots,"” said Suzy.

“Meat,” said Peter.

The class laughed. Someone said, "Peter is so stupid. He doesn't
know what rabbits eat." _

"Peter, you know very well that rabbits don't eat meat," said the

teacher.

»
S
e
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"That depends on how hungry they are," said Peter. When I'm hungry,
1'11 eat anything my mother gives me, even when I don't like it."

"Don't arque, Peter," said the teacher. “MNow, Class, how does a
rabbit's fur feel when you pet him?" asked the teacher.

“Soft,"said Suzy.

"Silky," said Mary.

“1 don't know," said Peter.

“why?" asked the teacher.

wicauce I wouldn't pet one. He night bite me and make me sick, Tike
what happened to my little brother, the time a hungry one got on his bed
when he was sleeping.”

The class laughed. Someone said, "Peter is fibbing. He knows his
mother doesn't allow rabbits in bed.”

After the class had read the story and had their recess, the teacher
said to the supervisor, "1 hate to sound prejudiced, but I'm not sure that
Peter's being in this class is good for the children."

The supervisor shook his head sadly and said to the teacher, "Your
lescon lacked one very important ingredient.”

sihat was that?" asked the teacher.

"A pabbit,” said the supervisor.

Learning itself can be defined as the individual merger of experience
jnto meaning. Within this definition it js obvious that learning will not
take place unless there is a learner and expmerience. Such an experience
may or may not reguire the influence of a third party--the skillful guide--

or teacher.

Q9



20

A siudent is engaged in an activity in the sixth grade classroom or
a high scheol physics lab. He is gaining from his experience. Rut what is
he gainina from that experience? lhat controls how much ha will take from
that experience?

Experience in science without the “experiencer"--the student--lacks
purpose, interest, or meaning. A student without experience is unmanageable
and equally Tackina in purpose or meaning. To consider the role of the
student in learning, the individuality of the learning experience and how
it relates to both the relevance and responsibility is inescapable.

I1f students are te gain from their experiences in science they must
Tink their own exneriences te that in science, and they must question the
relationship of their experience as a human to their experience as a student
in the science lahoratory or classroom. This questioning is the responsi-
hility of the student. Learning scienze will be at its best when the student
has the responsibility to initiate action, and the responsibility to inter-
pret the results of his science experience. Uith this expanded freedom for
initiation or interpretation the student hecomes less dependent upon the
teacher. He has a greater insight into Loth the questionAand the answer he
seeks because he identified it.

from ancther viewpoint, learning can also be an event analogous to a
collision between the student and the structure of a subject. This collision
will have its greatest impact when there is a readiness on the part of the
student for the subject matter. As the engineer of the collision--the teacher
assists in identifying the student's readiness or the inventory of the
student's past experiences that are relevant to the structure of science.

To engineer this collision, should the teacher oraanize the experience

a3
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in science to fit the student or should the student be made to fit the ex-
perience in science?

If the student's past exnerience limits the extent to which the present
experience will be meaningful, then in order for learning to occur, the
student must:

1. have a meaningful goal. a question or frame of reference to guide

his activity;

[a]

have a desire to act;
3. have the means by which he can act, that is, a set of skills by
which he can process the informaticon of his experience in a
meaningful interpretation.

The challenge here 1s.a search for those experiences that provide the
student with success related to desire, a foundation of knowledae out of
vhich comes the frame of reference upon which to base both questions and their
answers, and the skills to process information into meaning.

Relevance and responsibility in his encounter with reality are inescap-
able requirements for learning in science. The smaller the base of experience
the shorter the time the student can accept the responsibility for directing
his own actions. The challenge here is to provide a sequence of experiences
that will enable the student to enlarge his base of knowledge thus enhance
the relevancy of new experiences and his skills to process the data and thus

enhance his ability to accepnt the responsibility for initiating action and

interpreting its results.
If the experience is appropriate, the student will hoth find it relevant

and himself capahle to act on it. If the student does not find the experiance

ghi
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relevant, or if the student is not capabie of acting on it, then the appro-
priateness of this experience must be questioned.

There are occasions when more than just the experience and the student
are combined. A~dditional components are needed to enhance meaning through
the skillful structuring of the situation. These components describe what
the teacher provides in structuring the student's experience.

The best learning situations usually occur when there is an appropriate
mixture of students and teacher. The student is a star. It is he& upon which
the action and the spotlight is focused. As the star o the produc. on, the
student must have a stage upon which to operate. Selec-i—g this siage,
setting it up with desirable materials and makina sure ¢ fits the student's
needs are significant contributions <o the tezcher.

fietting started with the production may represent z . sther point where
the students will need assistance. As a director of a *-=atrical production
recognizes that each star is an individual capable of deep, rich and meaning-
ful experience, he carefully listens during informal rehearsals. He observes
mannerisms, voice inflections, surerficial role interpretations, and other
key behaviors. Then the director selects appropriate means by which to help
the star improve his performance. He recognizes that "telling” the star that
his gesture was inanpropriate will not do the job. Rather with the star,
the director actually explores and practices better ways to move the hands.

In a similar role the student is ohserved by the teacher-director. Those
areas in which the student reeds assistance are identified by starting with
a situation in which the student must perform the specific behaviors des-
cribed in the objectives of the experience. Through watching, listening, and

a variety of observations, experiences,that each student needs.are selected.
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The need may be the use of a poor inference, inability to express himself,
or the lack of skill in manipulating apparatus. A1l studerts will not have
the same need, but each student will have some need. The learning situation
is the tool for diagnosing the students "experience-relevancy"” and his
"responsibility capacity."

If the student is to gain meaning from a new experience, he may need
some additional assistance from the director-teacher. Just as a director
finc- "telling” a rather limited value, so do teachers in the classrocm. The
“teiling” approach to teaching began in the Medieval Ages when there were
nc sour-25 of information other than the teacher. There are many sources for
student 3 experiences today. These ranae from the aguarium in the first
grade ciassroom to the pressure chamher in the high school laboratory. In-
volving students with these resources so that they are the star performer is
a real challenge. This challenge can result in rewarding success if the
students' responses are handled in such a way that he gains a new respect for
his own ability to deal with the situation. Within the context provided by
skil1ful teacher-director the student initiates action and accepts respons-
ibility for his action. He explores his environment--he handles and manipu-
lates it. He also explores the largely untried realm of thinking through
relating events of his experience, having ideas about these events, and test-
ing these ideas. Exploration of his environment and thinking are extended
through his organizing himself to explore. This is accomplished through eval-
vating his own deductions, through making mistakes, through inproving his
approach to the seeking for understanding. In this way the students' role
is one of learning to manipulate and control his environment through guided

exploration.
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Such approach might he described as simpl: the student learns to do by
doing. This is not quite comniete. The student learns to do hy auided

doing. The teacher is the cne who structures the learning situation, the

one who carefully watches and 1istens to learning activities, the ons who

N

timulates and encourages the learnar, and the one who provides the background

and the direction for the learner, through ski?lful questioning.
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SUMMARY OF CHAL!LENGE
Fsnewed interest in studanis and science has returned us to a basic
or=mise. Learning wil? ha gt its best whnn the relevanc~ of axperience is
»npavent to the student because he has had the responsibiiity for initiatir-
g-tion and interpreting his own experience. The persistent c>zllenge is ho:
¢ structure the learning encecunter so that gaps in the stud ats' experienc:

+i11 be closed.

Meeting the Challenge -- Instructional Objectives

One aspect in meeting the challence of structuring student experiences
is to examine the statement of instructional goals. If thesec are stated i-
terms of what the student should be able to do by the end of :the instructior
experience,there is a far oreater probability that relevance and responsi-
tility for learning will exist.

Nbjectives stated in vague terms--such as the student is to gain an
understanding, or to increase in his ability in critical thinking, or to
understand important relations in science describe the important outcomes.
Yet,as stated, these objectives are of questionable value as guides for
instruction. They 1imit the study to science but they certainly do nct pro-

vide any direction as to what within science one might expect tc see student's

doing.

I¥ objectives are to be useful in structural experience, they must
raflect some specific outcomes of that exnerience. For example, with the
otbjective the student is to gain an understanding of major science concepts.
YYhat does the word "understand” mean? Does it mean that the student should
be able to use the concepts in some situation? If so, how and when are these

to be used? What specific tasks should the student be abie to do? What is

98
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the spzcific situation i~ which the student should be ahle to accomplish these
tasks? How would the te:cher determine whether or not the student had
succee = in accomp” "t 3 chat specific objective?

an objective "3 i resuli in student centered experience, it must
he stz 24 in terms of the snecific behavior of the student that can be ob-
served by the teacher. In' v then wiill the objective provide direction for
both th=z learning exrerisnce and the apnraisal of the effectiveness of that
learninc experience.

The initial writi-~c of instructional objectives.in terms of what the
student will be able tu o may sometimes be divficult. With experieﬁce this
task becomes more manaceable. The process follows a simple pattern consisting
of three considerations: |

1. 1identification of the behavior desired;

2. descrintion of the situation and instrument in which the behavior

is to be observed;
3. description of the extent to which the student should exhibit the
behavior.
The mast effective behavioral objectives are those which reflect all three
of these criteria.
The behavior which is expected to be aobserved is indicated by the verb

denoting the action. Teachers cannot observe "knowing," "“understanding,"

or
“appreciating." They can, however, ohserve a student who is "constructing,"
“choosing," "writing," and "describing.”

If the student hehavior is to be observed, then the teacher must decide
vhere one is to ook for that behavicr. If the teacher expects students to

identify constellations, then those situations siouid be specified in which
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the student v~ 7" = -mplish this task. For example, will the student work
with photoararh: . -2 drawings of the sky, separate drawinas of each con-
stellation, o : * observation of the sky at niaht? It is quite possible
that the teach=»r “d consider all of these sitrations, some of them, or
situations whic: .= not been mertioned. Ilnless the situation is determined
and described, = . cjective could lead to many interpretations and hence
would not give - acific direction which is essential for the objective

to be an effectiv= - ide for instruction. Statement of objectives assumes
sifnificance hecz - they allow: the teacher to determine the success of the
instructional ex - =2nce.

Instruction can be readily evaluated if the extent of the behavior be-
comes part of cach objective. For scme obhjectives the students will or will
not be able to per+ m the tasks, but for many tasks it is necessarv to deter-
mine a degree of success. If, for example, an objective was "the student
should be able to write the definition of osmosis”, then the experience has
heen successful if —e student can accomplish this task, and unsuccessful if
he cannot. Mith an ohjective stated in this way, there is no measure of
partial success. Jn the other hand, if that objective were modified to read
“the student will ce able to identify and write the names of constellations
from a drawina of the sky", how does the teacher determine success? This
situation is such that it will be nccessary to decide which constellations,
and a fraction of these constellations, a student i< to identify in order
for his behavior to be accepted as successful.

Properly wc =4 instructional objectives, therefore, include a descrip-
tion of the benavizr a description of the situation, and the extent of the

behavior which is =xpected. The situation and extent of hehavior may be
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imnlied in the statement of the behavior,. but if not clearly implied, it needs

to be svecifically stated.

Meetina the Challenge -~ Student Involvement

Recognizing that experience is a pre-requisite of development of both
knowiedge and skills, the structure of that experience becomes a significant
factor in science instruction. Teo meet this challenge, students must be made
to feel that they are studying something of value and not merely executing
intellectual minuets. They must actively do something wfth material in
carrying out their own action and then have reason to stop and examine the
results of their action. This means designing curriculum materials in which
the student's experience is a personal thing stimulated from direct observa-
tien of an event which leads to inferences about relationships and the test-
ing of thesa inferences. This design is in contrast to the student solving
a puzzle that is imposed upon him by the teacher and that solution has for
its main reward the seeking of completing an external requirement. Only by
the opportunity to seek and find his way out will a student experience bcth
relevance and self directed responsikility.

A specific contrast in examples might be useful. In a classroom in
grade five of a well designed and well equipped elementary school, the
teacher was ready to begin a unit on “Pocks™. She started with the announce-
ment that the students are going to begin a unit on "Rocks". The teacher
then spent several minutes describing to the students why it is important for
them to make a study of rocks and how much fun t will be: she also added that
the next day they would set up the cobjectives of the study. In the meantime,
the students were te think about aguestions about rocks. The next day in class

the students agreed upon a list of ohjectives for the unit and questions that
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they wished to answer. Curiously enough the guestions and objectives corres-
vonded very closely te the information the teacher gave the previous day.

The teacher then announced a series of activities that the class would under-
take in the study of rocks. These activities proceeded in a systematic way.
Cormittees were formed for each major heading of questions. References from
the library for sach committee weve suggestad. As the committees hegan work,
the teacher brought supplementary materials--reading materials and charts

from her vertical files. She aave snecific instructions on how each committee
report should be written and illustrated, and saw that the committees were

at work. Hany of the activities included the activities of textbocks and
tradebook references. Mo attention was given to the accuracy of these books.
The assumption was explicit--if it is printed in a book, it must be true. To
one aroup the teacher suggested a film on volcanoes. To another group, the
teacher sugaoested a local geologist vwho could talk about rocks found in the
community. Both of these events were scheduled and cnjoyed by the entire
class. Some vocahulary words related to rocks were studied. During the
month the unit was in progress, daily filling in of the "rock science note-
book” laboriously dragged on. Ry tﬁe end of the unit--the end of the month--
the studens were restless and ready for a change. The teacher realized that -
the students had 1ost interest, but was faced with another dilemma, should she
stop the unit or let the last three committees make their report? Obviously,
something needed to be done. S$he met with the three committee chairmen and
suggested that they make only five minute summary reports, rather than the
entire committee report. MNot knowing hew to proceed, they appealed to her
for hel» and she wrote out the brief summary for each of them to read. She

then decided to end the unit with a class evaluation. In this evaluation
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the students agreed that thev had learned how to classify rocks according te
sedimentary. icneous, or metamornhic* to recognize a volcano; and expected
to continue their interest in rocks.

The teacher announced that it was time to move on to the next unit which
would be on the soiar system and space.

fnother tz=acher started a unit on rocks also. Her geal was not only for
studants to acquire some knowledge akout rocks, hut develop scme skills in
classifying objacts according te a predetermined system. From her past ex-
perience,she knew that students believe that anything in print was true.
They had probably develoned such a helief because most of their educational
exnerience had been rooted in the printed page. She had heard several of
them say, "I can nrove it, because I read it in . . ." This teacher could
have told the students the strenath and weaknesses of textbooks and Vibrary
hooks, but she also knew that learning comes from within, not from without,
and that students are more ant to use knowledge gained throuch self initiation
and self directed responsible action. For this reason, she started the unit
by nresenting the class with a collection of rocks. Their task was te arrange
these rocks into three grouns, and describe to her their system of classifica-
tion. Initiallv, some members of the class suggested that they use the three
tynes of tocks: sedimentary, igneous, and metamorphic. The class agreed to
use those three catcaories and immediately started to group the rocks. Almost
as quickly, the studants stopned. Before grouping into these three categories,
they needed clear cut criteria for each category. To manage this concern, the
ciass decided to assemble the committees to do library “vresearch" in the
characteristics nf these three ftypes of rocks. Then they were to select

those rocks of the sample that “fitiad" each category. !ithin two days,

13



consternation develobed. There were scverai rocks "claimed" bv each of the
three grouns, vhen thev used the criterin described in text and other re-
farence materiels. How could they resolve this problem?

By this time. the students were qenuinely ouzzled over the discrepancies
and differences in the books. The teacher let them rangle over these dis-
coenancies in the ¢lass discussion. She allowed them to come face to face
with the felt Jdiffictlty and problem. Then she interrupted the discussion
with the inquiry as to what it was they wanted to know. Uhat was the defini-
tion of their fdeas until they had finally resolved the question to this:
"Experts--that is geologists or scientists--classify rocks, but how do they
doc it?" Their plan Of action was to secure help from a geologist in creating
the classification procedure. Through this attack they discovered that the
maans wherehy roclks are classifiad is quite different from the means whereby
the three tynes of rocks are usually descrited. Specifically, classification
of rocks requires the tise of a varicty of tests and observational data rather
than one or two characteristics. Ulith this cue, the students gathered in-
formation about the observahbie characteristics of rocks. They gathered rocks
and tried these tests on those and created their own classification system.

Such an apProach meant that the students were the stars in actively
seeking auestions and their answers. pfote that this is quite in contrast with
the self contained sCience unit on rocks wherehv the students were spoon-fed
information from a sindle text or & variety of rescurces that the teacher
had brought in Tor the students to use. The jatter approach involves students
actively seeking Knowledge--makes them the creator of their own textbooks

as they synthesize the interpretation of thair own cxperience.
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ON LEARNING SCIENCE
Navid P, Butts

Science Education Center
The University of Texas

Should I use this exneriment?

that atout that hulletin beoard?

VWhich Text best suits my situation?

Is that hook accurate?

Did they have the same experience in the third grade?
Yhat units do I teaCh this vear?

These are all gquestions of what and how which demand a groun of whys

to serve as criteria for answers.
Why use this sxperience?
thy use this book?
Why teach this science unit?

Eventually these questions reswlve te the question of vhy have a science
soenuence or vy teach science.,

To describe a curriculum sequence, we first start with a stipulation of
the goals or directions for this sequénce. Vhat are the aoal or goals of
science instruction?

Prebably. a better question might be asked, what are the general goals
for education, and hov does science instruction relate inte these geals?
Hoodruff, amonc others, has proposed that the goals eof cducation may be
summe:sl un as providing experiences Tor children which will enable them to

make wise choices and orthy decisions. MWise choices necessarily involve
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knowledge and the ability to use that knowledge. ‘Morthy decisions involve
the lnowledge and its use with an added ingredient, a sense of values. Uhile
not ignorina the desired values of oWr Society, the domain hest served by
science instruction is that of Knowl@dge acquisition and its use--or the
practice and understanding of sCighce,

fareement on a bread objective fyr educaticen or even on a more specific
objective for Science Education-~-1p€ practice and understanding of science---
still leaves to be resclved how tpeg? ohjectives relate to the classroom
experience of a fifth grade clasy.

Prenaring and teaching sci2hc® Ngt only reguires goals, it requires the
selection of the content, the dfsitp of the experiences and the recognition
and analysis of the impact of the ¢ofhined content and experiences. Pre-
paring and teaching requires that thiWUm learning conditions be present.
Hatson and Cooley described leaThihd §5:

The readicass f edQw individual pupil and
the structurs of thY Sypject come tugether
in the process we cyil "learning". Teaching
is then a procedure pY¥ which we attempt to
expedite or cataliza this learning.

Involved in the act of learnihg are three shecific factors:

1) The structure of a subhjfct~-or the content which is selected;

2) The engineered collisigng between the student and the subject--
or the designed exNerighcgeés;

3) The readiness of the student as illustrated by effectiveness
of the impact or the rgleptivity of the student.

The next three sections of thig paner will review each of these three

components of the learning "colhisighg” as they are specifically related to

science eduycation.
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THE STRUCTURE OF SCIENCE OR THE COWTEMT TN RBE LEARNED

Fach student's success in achieving his des.res and abilities tc make
contributions to the good of others denends on hiorr viell he finds out how the
world works and how well he learns to aet along wi 1 thai world. UHhile the
practice and understanding of science can make a significant contribution to-
ward that goal, unanswered is the question of what understanding of science,
and how do you transiate this goal into a sequence of exparience which will
result in successful “collisions?”

A study of man's progress reveals that his greatest advances have
occurred throuah a sequenre of successful solutions toc problem situatiens.
Dewey recognized that learning results from doing. 7ne reason for the lack
of success of the rote learning of science content is the lack of the involve-
ment of the student. Problem-solving offers an excellent solution tn this.
From the science content which is selected because of its appropriateness to
the problem situation, the main impact on the student would be a broad
generalized ability tc cope with any environment.

Selection of content for prohlem situations would result in the student's
having both the content and the generalized approach to any probiem from the
student's own invelvement and doing. However, selection of content directed
toward a general problem-solving ability lacks the evidence that such an
ability does indeed develop to the extent that it is transferable to new
situations. Psycholiogists, as exemplified by Gagné, suggest that such an
approach is too narrow and too exclusive in terms of otudent experience.
Cronbach suggests that a curviculum built around applications of science in
problem situations give a false picture of science or possibly no picture at

all.
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Thus, seiection of contant in science in terms of a problem approach
results not in the practice and understanding of science, but in a Timited
and narrow practice of an anproach to droblem-solving with littie or no
understanding of science itself.

Bruner points out that to know the structure of a subhject is to know its
ratterns and concepts. To deal with tne fundamental structure of a field
makes that subject understandakle and facilitates transfer and usefulness of
that which is learned. Bruner more recently suagested that discovery which
is arounded in one's having prior knowledge to use, involves the individual
in rearranging data in vays which will permit him to ac beyond that data to
a new understanding. Conant's description of science is:

Sciance emeroes from the other preoaressive activities of
man to the extent that new concepts are formed from ex-
neriments and obscrvations and the new concepts in turn
Tead to further erparimenus ang observations...this
dynamic quality in science is viewed not as a practical
undertaking, hut as develcoment of conceptual schemes.

Foshayv seems to relate to these conceptual schemes described by Conant
to the structure described by Bruner and adds a second ingredient. He asserts
that each discipline is characterized by its domain---or concentual scheme of
structure and its way of knowina or method of inquiry. Schwab relates the
structure to inauiry in that he defines the structure or science as those
concepts which dafine the domain of the discipline and determine its inquiry.

Clearly the understanding of science stands out as one of the desired
goals of the teaching of science. A sccond side of science seems to have
been identified hy Foshay and Schviab. The conceptual schemes, structure

or domain of the discipline are incompleta., These conceptual schames must

be ordered or arranged. ™ach very cogently descrii-ed this ordering of
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arvanainrg as:
When exnerience has once clearly exhihited these facts and
science has marshalled them into econcmic and parspicuous
order, thera is no doubht we shall understand them. Before
our "understanding” them, a mantal mastery of facts neve
axists. Science does not create from facts, hut it simply
orders knowun facts.

thile the relationship between the domain and its way of knowing ic
described by Bruner and Schwab, vie lack full agreement on vhat "way of
knowing” really means. To some it is called problem solving andg investigatad
as a general nrocedure applicable tc all situations. However. might a meve
accurate and efficient view of problem solvina be what one does when one
brings to a nroblen patterns of ideas and inguiry methods specific to parti-
cular disciplines? Thus the two sides of the nroverbail coin seam to ke in-
separable. If the nractice of ccience and the understanding ot science are §o
closely related to the scientific enterprise. then here logically are the
goals of science education.

Selection of content in terms of the structure of science resulis in the
student practicine and understanding science as the structurs of science
demands. However, in reference to the conceptual schemes, Schwab questions
if they may not merely become another series of intellectual tidhits to be

]

examined and inaested. Gagne sungests that these conceptual schemes may
become things and not abstractions or hynotheses about observable phenomena
which should be subject to empirical test. Cronbach relates inquiry to the
conceptual schemes by saying:

The mathematician is sayinc that he cares little about what

mathematical tepics are studied. that what counts is how

much the student learns acut the nature of mathematical

thought. In physics., what matters is not how much or how
many physical laws aras learned, Lut how what the student

109



37

knows is organized. The student is introduced to the
tools of a discinline rather than to its products.

Schwab alsc suqnests that in the classroom, the student may only see the
concliusions of inguirv, These he may identify as facts-~ 1 nuite poi.i.
as isolated facts. The cohesion and organization of these facts is usually
underemphasized or omitted. The student sees little and understands less of
the constituents of inauiry, that is, the organizing principles, the data,
the interpretation of the data and the competencies needed. Is it nossible
that practicing inauiry without »n adequate background of knowledae can have
1ittle impact on the student's intellectual development? Might it even have
a side effact of limiting his ahility to think independently? Suchman and
his expevimental data indicates ti:at it was evident that the student needed
more than a way, a strateay, in which to think. The concepts of the students
were inadequate both in ferms of breadth and depth. Are there some specific
requirements before a person can he independent in his thinking? If so, what
are they and how can they be developed? |

Selection of content in terms of the structure of a discipline may re-
sult in the practice and understanding of science, but may more likely result
in an extremely limited and cramped practice and understanding of science.
Noes this mean that this is not a suitable or feasible goal? Or is this goal
best examined not from the standpoint of a teaching goal, but from the stand-
roint of pupil bzhavior? If a person is practicing and understanding science,
what will he do?

The practice and understanding of science is best illustrated by the
individual canal:le of autcnemy in -his investigation. Just what content is

necessary to make the student canable of this autonomy is not easy to identify.
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Recardless of this difficulty, the content must be identified if the goa’
is to be achieved. To do thi- Gagné sugaests that first we need to identify
vie terminal behzvior, that is, that student behavior that best describes our
goal. In a general way this means that if the student practices and under-
stands science, if he has the desired autonomy in a problem situation, he will:
1) Beain with a set of systematic observations:
2) He will design measurements that are necessary to quantify his ob-
servations; |

3) He wi

-
-
-
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inguish between what he observes and what he infers from
what he observes;

4) He will invent interpretations:

5) He will draw reasonable and vossible creative conclusions from his

ohservation and analysis.

These five hehaviors describe the advanced level of hehavior which
characterize the autonomous investicator. Vhat is needed to develop these
tynes of responses to preblem situations? Careful analysis of an investiga-
tive act suggests that there are several competencies demanded if the investi-
gator is to be successful. These competencies include the ability to observe;
to quantify his observations anc to infevr from the data of experience. In
order for the student to observe, quantify cn infer, he must have developed
from a broad experience in ma.~- diverse situations the specific abilities to
observe likenesses and differences in objects, to measure, to quantify his
measurement, to orient objects and events in space and time, to describe, to
classify objects and events, to communicate, to predict and to infer. Content
selected to assist the student acquire these competencies might be considered

one level of develorment--that of the manipulator in which specific

" 3
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competsnc’ 5 are develoned.
An =""“cient investiocator needs competencies of another level. Ability
to handl: e ohjiccts and events of his envivonment does not in itself mak

a_studenu =n investigator. He rmust hHe ahle to Aefine what ahnut a situation
néeds to be investigated. He must be able to analyze the situation to deter-
mine what objects and interactions are present, and through verification
activities using careful controls assess the specific contribution of each
object to the interaction. He must he able to build a model or hypotheses of
the reason of these interactions, and experiment with this model in many
different situations to ascertain its accuracy, adequacy and completeness.
Devalopment of these competencies necessarily involves the student acquiring
a hroad base of knowledge of the principles of science. This broad base of
knowledge represents not so much the science content covered, but must be the
organizinrg principies in the student's thinking around which he can direct
his activity.

Selecting content for this level of development may be accemplished hy
further analysis of the inferential and mental model buildirg in science.
Content which illustrates both these aspects as well as an acceptable state-
ment of the major themes of science represents the direction of this level of
competency building. Just as the hest way to study a musical masteypiece is
not to isolate the notes of different values on separate sheets, the broad
base of knowledge is established best when those conceptual schemes that
permeate all of the scientific endeavor are seen by the student in a wide
variety of situations. Thus at this level content is selected to permit the
student to see each theme in many different circumstances. However, just as
important, the presence of the theme must be discovered by the student from
his experience in the instructional situation and not from a didactic pre-
sentation of thz theme.

12
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Do competencies in dealing with ohjects and events in tha environment,
and erganizino nrinciples as a part of the broad hase knouledge in addition
to the competencies in identifying and verifying relationships of the envircn-
ment rapresent the comnlete picture of the needed abilities in order to be
autonomous in an investication?

One other competency needs to be added--the strategy of asking productive
questions. How a student may structure his auestion asking is a behavior
which can be acquired. Using the broad base of knowledge as a general
direction, and the comnetencies of identifying and verifying relationships
in the environment as a nrocedure, the student needs to learn how to give
specific direction to his thinking. He needs practice--and a great deal of
this practice~-in asking questions and in considering the probability of
being ahle to find satisfactory answers to these guestions. 'ore specifically,
he needs to seek creative connections hetween the objects and events of his
axperience and he needs also to carefully evaluate these suggested connections
in terms of the broad base knowledae and the plausibleness of the ideas. At
this level, content is selected which will assist the student in further
broadening his hase of knowledge while offering him ample ornortunity to ac-
quire and practice a strategy of inductive reasoning. The latter may be des-

cribed as the incisive knowledage necessary for the investigator if he is to

be successful in his resolution of a probiem situation.

Development of a hroad base of knuwledge from related understandinas
which themselves are dependent on competencies in handling and interpreting
e envivonment represents two levels of science content. Adding a third, the
sharpening of a strateqay of search for new connections in using this broad

base of knowledge, we may have & picture of those behaviors needed for a

A
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student to he successful in solving a problem situation in science. The
student has the necessary competencies to assume full responsibility of a
science investigation which may be described as:

1) He depends on himself;

2} He trusts himself:

3) He looks at problems objectively:

4) He has new ideas; and

5) He judges those new ideas critically.

Content is celected which will assist the student in operating at the
advanced level of the tevminal behavior of the practice and understanding of
science: The student uses the approach of inguiry toward the solution of
problems.

tthhat specific content chould be selected depends on a detailed descrip-

tion of the competencies needed bty the manipulator level, a delineation of

the conceptual themes and the advanced level competencies which comprise the
appropriate search strategies or incisive knowledge which are the patterns of
concepts that the student used to direct his thinking in a specific science
discipline and to help him evaluate the appronriateness of his questions or
inquiry. This is the questioner level.

Beyond the identification of this content remains an extremely crucial
question - how are the experiences of the student structured te insure the
best imnact of the learning collision? Sheuld the student study the specific
conceptual themes? Should the student's understanding of these themes come
from his experience? How often must the student come in contact with the

themes for them to be part of his hase of knowledge? If the student is not

-
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given the themes, will he form them automatically from his experience?
He now turn te examine the second Factor of the learning situation...

the design of exveriences.

THE ENGINEERED COLLISTONS BETWEL® THE STUDENT AMD THE SUBJECT,
OR THE DESIGNED EXPEPIEMCES

The verbal extrapolation or analysis of relationships of phenomena in
their environment required that students must:

1) Observe the phencomena with great care:

2) Relate their ohservetions to pravious experiences;

and

3} Interpret the present situation within the frameviork of their

nrevious experiences and through this interpretation initiate an
analysis of the event.

Thus the deéign of experiences for the student that will maximize the
impact of the collision as ennineered by the teacher must be predicated on
an analysis of the student himszif. The student's past experiences will
detarmine the extent to which the present experiences are w-wmingful. The
appropriateness of the student's present experience might be illustrated by
this description of a classroom situation:

CLASSROOM SITUATIOWM RELATED OBSERVATIONS

The subject under study weas the
formation of clouds.

Question: .ow do clouds fTorm? Good question
Duastion: Do they “~rm Tike dew that previous experience must the child
only in @ae air? have had in order for this question to

be meaningful to him, in order for him
to have asked tiis qguestion?

b
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CLASSROOM SITUATION

Hhat conditions would we
need to have a cloud?

Nuestion:

Therefore, if a cloud
forms mist Tike dow,
then we should be able
to make one in a
bottie.

Statement:

Then let's do the
following
1) Fill a jug with moist air.

Divection:

2) Add a little water and then
place some dust in a jug by
inverting it and adding a
Tittle smoke from a burning
match,

3) Finally we can warm it (the
aiv in the bottle) hy blowing
in,

4} and cool it (the air in the
bottle) by letting the air
come out.

Conclusicen: The result of such an
experiment as this can help a very
young student explain for himself
a natural ohencrena, how clouds
form.

43

RELATED ORSERVATIONS

Previous exnerience with "a cloud”
xnowleddge must te uptilized here if
this question is to be meaningful.

A conclusion - dew forms = = bottle --
which is stated and then tis proposal
is made to verify it. What previous
experience is necessary with dew and
bottles for this to be meaningful to
the student--i,e. und-2r what conditions
does dew form in a bottle? Uthat is
dew?

tthat previous manipulative experience

is necessary to know hew to i1l a jug
vith moist air? Wthat knowledge back-

ground is necessary to determine that

mnist air is needed?

Why add water? !lhat previous experience
indicates that smoke is dust?

Yhy should we need to warm the air? \Why
does blowing in the bottle warm it?

The previous experience with the idea
of warming by compression is assumed.

Why cool the air;

tthere in the student's experiences does
either warming or cooling enter into
the situation? Vhy does letting the
ajr come out cool it? The previous
experience with cooling by expansion

is assumed.

Does it?

The purpose of the analysis of the student's previous experiences is to

identify to what extent the presant expariences will be meaningful to the

bad
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student.

For the student to analyze the velationship in an event F= must be able
to interpret this event in terms of some reasonabie framework of past ex-
nerience. Intercretation demands that the present event be compared with
other similar everts and that similar and dissimilar asnects of these events
be identified in an effort to discover the exact relationship *nvoived in
the present experience. In order to make the comparison with other similar
events, the student must have had an adequate base of experience to have re-
cognized and categorized several events as similar. He then can use the basis
of the categorization as a directional or organizing principle in his inter-
pretation of the present event. Before events may be recognized and cate-
gorized as similar, they must have been experienced--observed and the ob-
servations must have been done with sufficient attention to the detail of
the events.

Thus in order for the experience of analysis of cloud formation to have
been meaninaful for the student, ther= are three levels of previous experience
needed:

1) Direct sxperience with the specific ohjects of the environment. This
must ke a broad range of experience in learning from observation and
manipulation of the environment. M™eanina grows from first-hand ex-
periences, that is, the meanina which is best characterized as the
what of the environment.

2) Indirect or Semi-Concrete Experience with vicarious aspects of the

environment. The student is abla to find indirect experiences mean-
ingfuj if the base of direct experiences have been adequata. He can
use indirect experiences as a way of extending the base of observa-
tional meanings and as a way to begin to recognize similarities or

Q specific categories of experiences. Thus indirect experiences extend
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to the meaning of the what and initiates the how relationships of
the envivonment.

3) Interpretative sxperience in which the student recognizes similar-

ities ov categories of past expericnce. These categories are
sharpened so that they become functional organizing directions for
the student's reasonino. This represents an extension of the how
relationshins of thc envivonment and the initiation of the why
relationships.

4) Verbal analysis of relationships in which the what, how and why of

the enviromment are meaninoful to the student in that he can mani-
pulate symbels for these past exneriznces and do so with intelligent
reasening.
The collisions which are snuoineered fov highest impact are those Lo
which the student can brinag meazning from his past experience. Identified are
four leveis of this pest expericace to which the student can bring meaning:

Direct, indiract, interpretative, and verhal.

These four levels represent a hierarchy of meaning for the student. The
way which teachers have found most successful for students to learn is to
engineer the experiences of these students in terms of the students them-
selves, i.e., to analyze what previous experiences the students&hava had and

build from that point,

RECEFTIVITY OF THE STHDRENT TO THE EXPERIENCE
Dur attention must necessarily again focus on the ohject of this
collision-~the learner. Given the sacuence of content and the best design of

the experiences, will he learn? “hat factors affecit the receptivity of the
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student in the learning situation? /£ better phrased gucstion might be, how.
docs ihe sequence of designed experiences reléte to th2 student's achievement?
Psychologists have been investigating this question for some time.
Little direct evidence can be cited concernina how children learn science.
From rolated studies, certain ceneral guidelines can be elucidated however.
One group of studies in psychology seems to indicate that if a child is
not ready to iearn, 5ie will not learn. Specific factors that affect the
child's readiness to learn are the relavarce of the experience and 73 st
experience, the relevance of the experience and his interests, and the rele-
vance of the experience and tiie student's vocabulary. Cronbach suggests that
£for students with poor vocabularies and pcor concoptual develomment, readiness
must be develoned by a painstaking design of ideas. The readiness of the
child for the collision may thus affect the impact of that experience for him.
Another factor related to the impact of the collision is the motivation
of the child. BRlair has suggested thav without motivation thera can he no
learning. Specific factors related to the motivation of the student are his
needs. These needs have heen variously described as recognition, security,
response, new experience, achievement, status, and affection. ‘'hite has
added a new nced. He identifies snecific instances of motivation which do
not seem to be explained by tha ahove needs but vivich seem to be best des-
cribed as a need for competency in dealing with the environment.
Piaget has suggested an equilibrium theory that may vrelate both readi-
ness and motivation to a single scheme. He describes an equilibrium theory
of behavior as a child stavs at 2 level of reasoning until he cannot handi:

it conveniently. 'that was equilibrium (in handling his experiencs; he. wias
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disequilibrium so he shifts tc the next levei. For the child within the

school years, his reasoning is characterized by manipulaticn with those ob-
jects in his immediate environment. Equiiibrium exists as long as he can
conveniently handle these in his thinking. then these cbjects become too many,
disequilibrium sets in and the child shifts to the next level., from concrete

operational to concrete logicut. Nt the concrete logical level, the child is

no longer dealino with just obiects, but with spocific connections between
these objects. lLie establishes a universe of relations within wiich hz can
conveniently handle his environment. He has identified simple patterns in
his percentions of the environment.

However, when the universe of relations become more than convenience
permits him to handle, disequilibrium sets in and the child shifts to the

next level, abstract operational. At this level, the child initiates a

higher level grouping of his exrerience or shifts the unjverse of velations
into a universe of classes. HMe has identified sharpev patterns in his per-
ceptions and is beginning to identivy patterns in these patterns or patterns
between concepts. These patterns betwean concents are the genesis of the or-
canizing principies which he can use to interpret his environment. At this
level, the child seems to acquire a reverse gear in his thinking, i.e., he can
go from the experience to the abstraction about the experience or from the
abstraction to the experience.

When the conceptual framework of the student becomes develoned to the
poin* that he no longer can conveniently handle them, he shifts to a fourth

level, abstract locical. At this level, he identifies specitic patterns

between concepts or conceptual schemes. These may be described as a universe

of causes. The child i- now able to reason in abstractiens totaily.
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Summarized, the equilibrium theorv o7 Piaget may be pictuvred as:

Concentual Scheme Universe of Causes Sbstract Logical
More complete
Simple
Concents Universe of Llasses Abstract Orerational
<ymnle Concept Patterns
Perception Universe of Relations Concrete Logical
(Simple Percention Patterns)
Data Universe of Substances Concrete Operational

Orcanization Transferability
A <urther scan of research evidence from the psychologist indicates that:

1) Learning is a relativeijy permanent behavior change which is the
result of experience.

2) he factors uf the child's attention to the experience and his
stratecy of orcrating within the experience helps determine his
rasistance to the stimuli of experiance.

3) FExtremely important to the learning in a situation zv2 the
breacdth or rarrormess of the child's use of the avaiiable clues
and his success in solving tue problem and kis learning the
significance of views other than those directly related to the
solution.

4) P high drive nr aver lesarning reduces the student's ability to
pick up incidental clues.

5) Satisfaction which some children obtain from manipulation and
mastery of thair environment is highly important.

6) P~s children orow older, their acceptance of a challenge 1in a
task grovs.,

7) Sunerior discrimipnaticn iearning is generally associated witn

greater scanning of stimuli--a greater attention to detail.
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38) As children qrow clder, they hecome more persistent in their
attempts to find the wey to beat the game--thoy increase their
search for patterns «nc order,

This seems te sav to us that a child's recention to any learning ex-
perience changes as his experience and cognitive style shifts. Thus it may
he that within a specific learning situation, the child’'s receptivity des-
cribzsd in terms of his readiness or motivation is really a funciion ot his
past exnerience and his cogritive style. PRelated to Piaget's equilibrium
theory, the cognitive  .yle itself is related to the breadth and Tevel of the

child's rast experience.

SUMIIARY

In this analysis of science curriculum, the practice and understanding
of science has been identified as the agoal. The description of this goal in
terms of student behavior by the scientist indicates that the student should
use the approach of inquiry to solve problems. The experiaences necessary
for the student to use the approach of inquiry includes competencies in deal-
ing with the envivonment, competence in dealing with a broad base of knowiedge
about the environment, competence in questicning the experience =f the en-
vironment. Achieverent of the ultimate behavior is predicated on a series of

selected competencias--manipulative, connective, questioner and investigativea.

From the teacher, successful exneriences are those to which the student
brings and takes meaning. For this reason, experiences that call for verbal
analysis must be preceded by interpretative experiences. Interpretative ex-
periences musi be based on a broad base of meanings developed from dircct

experiences which may be extended through indirect expariences. Meaning 1in
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a specific experience is predicated on the previous experiences of the

student--direct, indirect, interpretative. and verbal analysis.

The psychoiegist has described the recsptivity of the student to an ex-
perienc. in terms of the cognitive style of that student and his vast ex-
perience. The student's cognitive style seems to shift when it becomes incon-
venient for the student to handle his experiences or their interpretations.
The shift from concrete to abstract reasoning.thus can be identitied. That
shifts in the studeni's cognitive style do occur is clear. The relationship
between these shifts and the student’s past experiences & - seems quite clear.

The psychologist identifies four shifts in cognitive stvle: concrete opera-

tional, concrete logical, abstract operational, abstract logical.

Rre these three aroups of individuals, the scientist, the teacher and
the psychologist, all describing the same thing, or aspects of the same devel-
opment? Past experience is certainly most important to the structure for
selecting content as identified by the scientist: for the design of ex-
periences for meaning as described by the teacher: and for the shift in
cognitive style as delineated by the psychologist. ~Are they all talking about
three sides of a npyramid? If sn, does this offer us some useful guidelines
by which to answer the questions raised at the beginning of this discussion?

GCo we have a basis for selecting thc experiences for children, including

hooks?

%0 we have the criteria for selecting content?

o we have the criteria for selecting the desired s udent behaviors?

Do we have the criteria for evaluating student achizvement?

ReYs:
14 r}n ':.3
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OPERATION T BLAST

We need your kelp in thinking back over this conference. The following

is a list of the sessions in this conference. Some of the sessions you have
found more useful in serving your needs as a T, or T3 than have been other
sessions of the conference. '

1.

Please rank the sessions from #1 the most useful to me to
#12 the least useful to me.

Rank of
Usefulness

a. Overview of Conference

b. Review of Instructor’s Guide and Resource Material
c. Pre-Post Testing

d. Fishbowl on Planning an Inservice Session

e. Team Level Conference

f. Role Playing of Film and Feedback

g. Presentation of Observing Session i w5, Howell)

h. Presenting Sessions to Tis

i. Fishbowl on How to Structure the Situation for
Low Ratio Teaching

j. Analysis of Structure of Iﬁservice Programs -
Preactive and Interactive Phases

k. Participation in Low Ratio Teaching
1. Constructing an Exercise
m. Analysis on Why Have Demonstration Ciasses

n. Fishbowl on Planning an Awareness Conference

— |

1

0. Handling Questions nf School Administrators and Supervisors
p. Analysis of Equipment and Prices |

q. Review of Research Results

r. The Patterns and Enntént of Inservice Programs

s. Organizing the Stvucture of an lInservice Program
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Please

Please

Please

3. Please

Please

B - B o S Y

state vour

state your

state your

state your

suggest an

suggest an

reason for Choice #1.

reason for Choice #2.

reason for Choice #18.

recason for Choice #19.

alternative activ ty for the time spent in #18.

alternative activity for th«. Lime spent in #19.

4. What other comments or feedback would vou like to make?

[S)
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Instructions: In a manner similar to your response to items on the Semantic
form you filled out earlier, we would Tike your fTrank, anonymous evaluation
of each session you participated in during this worksnop.

To the r1ght of each session title encircle th2 name of vour instructor
for that session. Then mark the seven point rating scaie tocated between

the twe polar words, "Weak" and "Strong," based on youyr feeling or evaluation

of each session.
In addition, please add any additional feedback comments in the space

provided.

Section One - Process Sessions

1. Observing Session Instructors:
Weak...... P - 4 e 141+
Comments:

2. 3ehavioral Objectives Session Instructors: -
MEAK . v o s eeensannanscasccacnasassncanonns cessasasancnsarraseaansasaotrong
Comments:

3. Feedback Session {(with film and role playins,
Castiructors:

WeakK. ..ot iieieieeneriionneosnccanonssonasncoscscscansnsanssacnnsas Strong
Comments:

4. Inferring Session Instructors: -
l”eakiiiiiii!.iiiéiﬁﬂ*’;l.iiiii!iijii!)!!!l!-!,‘!!l,l!l!!!l!l!li!!!lcstrong
Comments:

5. Using Space/Time Session Instructors:

WeaK. . oo s inneien i ieirainieectnasscancansanacscscansesnnannas «...Strong
Comments:
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6. Usinc fumbers Session Tnstructor :

7. Communicating/Classifying Session Instructors:

Weak.. .ovveeennnacaosnnc . A o F4] ¢
.Camments:

8. Communiycating and Predicting Instructors:
b!gakili--).Qs-é.-giiii}iiiiﬁiii iiiiii ﬂi.'éiiélliiiiléig!dﬂi!ilﬂllplstrong
Comments:

9. Measuring Instructors:____

WEAK . s et et ieeeccoiace veansnsssessnsssssssonanci . . cseseaessdtlONg

Comments:

Section Two - Teachcw Action Sessions

1. GOne-to-One Teaching

‘j!eakﬁiliiiigiiiiiii!iii,‘.gaéaﬂlgld,l llllllllll illil-zl!ludii!l;g;gstreng
Comments:

2. One-to-Two Teaching

lﬂeakliiiiEiliiilb!illiilliiﬂiiiili!!!ll!g.llIIl!lg-l-llI..ﬂii-.llistrcng
Comments:

3. Feedback with Partrners
L.!eakééii!!g!p!‘l.'lI-.-:i.-iiiiiiiii!ti‘é!gil!!!l,!!l,piplll!él!gécstrong

Comments:

<
X
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4. Constructing an Exercise

leak...... G heteto et aaaes cecescensenanan CeresnnaascessssssssStrong
Comments:

Section Three - Special Sessions

1. Teaching Demonstrations a. Teacher

WeakK..cooeeon- caeeeneoas e hromecencmncee tteeneeeeaanasansaassaanse-atrong
Comments:

Opportunity to wori Witk “nam leaders

RaK . v s e eeeeeccancce coencsscnannanes eeeescssenc. i L-seseeesas-5trong
Comments:
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